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NIST Overview: Nanoplastics-related
research and products

Kathryn Beers
Leader, Circular Economy Program
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US’ National Metrology Inst.

NIST |

* Industry’s National Lab
* Measurement, Data, Standards

» Reference Materials, Calibrations
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Plastic Pollution & The
Circular Economy

Materials Science & Design

Data & Decision Tools

* Environmental Impact Assessment

Keeping atoms and molecules inside
the economy, producing value, and
out of places we don’t want them




Breadth of MNP Measurement and Standards Roles

Real Environmental Laboratory Models Frontiers of Physical

Samples Measurement
| 5 Advanced Instrumentation
and Technology
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Methods and Tools are Key Products
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* Sediment, beach sand, fish guts, turtles * Accelerated aging/weathering: « New capabilities coming on-line

* Extraction/recovery method deg'radation in aquatic (OPTIR, QCL-IR, w/ BCARS
verification; cryomilling RGTMs ElslrenirEis microscopies) to challenge
* Milling protocols developed detection limits for size,

* Examining natural matrix SRMs composition and structure

* Cell-based model of intestinal tract
* Measurements from prototype asphalt to assess uptake of particles .
runoff

NATIONAL INSTITUTE OF
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New laboratory for nanoplastics
in liquid media



Lessons in Data and Methods

Nanoparticle measurement error
* Disruptive to status quo
* Improved reliability critically needed

 Small errors — large effects
ACS Nano, Letter to the Editor, in press

Growing role of ML/Al and
Data Science

Integration of advanced data
analytics into multiple workflows
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Related work - Partnerships
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What is NSF and how do we support research?

* NSF is an independent agency of the US Federal Government
FY 2023 bUdget $9.9B : HHHH“I““HI
NSF funds basic research, mostly at academic institutions i i!lg!gi&ﬂﬁiﬁﬁ“‘ﬂ
it eme S g ]
* New Directorate: Technology, Innovation, and Partnerships (TIP) SRS ET— L

* Disciplinary and interdisciplinary programs, Centers, STEM Education..

* Nanoscale Science and Engineering (since ~2000)
* Led by Mihail Roco
* Included environmental, health and safety studies since 2000
* Centers for Environmental Implications of Nanotechnology (CEIN)

e Cross-government coordination: NNI, NSET, NNCO

NNI — National Nanotechnology Initiative

NSET — Nanoscale Science, Engineering and Technology SC
NNCO - National Nanotechnology Coordination Office -_m‘




Nanoscience and Engineering and
Nanoplastics

* Has been and continues to be funded through various programs at NSF

* Micro-and Nanoplastics are a topic of more recent interest

Examples of recent larger-scale efforts:
EFRI - Engineering the Elimination of End-of-Life Plastics (E3P)

FY20-FY21, 17 awards about S30M
GCR: Collaborative Research: Convergence on Micro- and Nanoplastics in
Aquatic Environments, Award # 1935028

DCL NSF 20-050: Critical Aspects of Sustainability (CAS): Micro- and Nanoplastics (MNP)

EFRI: Emerging Frontiers in Research and Innovation

Co -_m-l
I




DCL NSF 20-050: Critical Aspects of Sustainability
(CAS): Micro- and Nanoplastics (MNP)

Participating NSF Directorates and Offices:

Mathematical and Physical Sciences
Engineering

Geosciences

Biological Sciences

STEM Education
International Science and Engineering
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Examples of recent awards

Formation, sources, measurement approaches/analytical techniques

CMMI - 2245155 Maryam Shakiba, Virginia Polytechnic Institute and State University
"CAREER: Pathways of Microplastics Creation: Multi-physics Study of Macroplastic Fragmentation,
Foliation, and Fibration“
CBET - 1917614 and 1917676 Shannon Bartelt-Hunt, University of Nebraska-Lincoln, and Nicole Fahrenfeld,
Rutgers University New Brunswick
"Terrestrial microplastic pollution: understudied sources, source tracking, and citizen science"
TI—2136729 Jennifer Brandon, Applied Ocean Sciences, LLC
“SBIR Phase I: Developing the First Flow-Through Sensor for Real Time Microplastics
Measurements”
DMR - 2034496 Qian Chen, University of lllinois at Urbana-Champaign
"Mapping the structure-property relationships of micro- and nanoplastics by in-situ nanoscopic
imaging and simulation”




Examples of recent awards

Aging, adsorption of toxic substances, biofilms, aggregation,
interactions with biological materials

CHE - 2035499 Julie Peller, Valparaiso University, and Stephen Mezyk, Cal State, Long Beach
"Laboratory Radiation Chemistry Methods to Induce Rapid Aging of Microplastics in Water to

Assess Fundamental Chemical Reactivity Changes"
EAR - 2052956 Lauren Pincus, Postdoctoral Fellow

"Microplastics and Nanoplastics as Vectors for Inorganic Pollution: Examining the Effect of

Environmental Systems Conditions on Degradation Pathway and Sorption Potential"
DBI - 2109523 Cody Garrison, Postdoctoral Fellow

"Microbes and Microplastics: Microbial Adaptations during the Anthropocene”
CBET - 2034855 Xin Yong, SUNY at Binghamton and Ke Du, University of California, Riverside

"Understanding "wild-type" nanoplastic uptake in single microalgae cells with fluorescence
tracking and computational modeling”
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Examples of recent awards

Transport, fate, and degradation

CBET - 2044836 Maryam Salehi, University of Missouri-Columbia
"CAREER: An Investigation of Microplastics Fate and Contaminant Transport in Storm Runoff, The
Nexus of Environmental Engineering and Material"
AGS - 2028644 and 2028633 Qi Li, Cornell University and Gabriel Katul, Duke University
"Precursors of Long-Distance Aerial Transport of Microplastics from Urban Environments"
EAR - 2045871 Monica Arienzo, Desert Research Institute
"Microplastics in snow-dominated environments - sources, transport, and fate"
EAR - 2219334 Samuel Munoz, Northeastern University
"Evaluating Patterns and Controls on Microplastic Accumulation in Floodplains”

OCE- 2127503, 2127669, 2127305 Kara Law, Sea Education Association, Aron Stubbins, Northeastern University,
and Valier Galy, Woods Hole Oceanographic Institution

"Assessing the contribution of plastics to marine particulate organic carbon”




Examples of recent awards

Impact on organisms and ecosystems, food webs, and communities

OPP - 2138316, 2138317, 2138318 Michael Steele, University of Washington, Alexandra Jahn, University of
Colorado, Boulder, and David Bailey, UCAR

"Sea ice-ocean exchange of Arctic microplastics: linking small scales to the large-scale system"
DEB - 2136670 Corey Brelsfoard, Texas Tech University

"Predicting the impact of microplastics on the microbiota and viral transmission by mosquitoes"
DEB - 2035573 Tham Hoang, Loyola University of Chicago

"EAGER: Movement of microplastics within and between ecosystems: influences on zooplankton

feeding behavior, primary productivity and nutrient availability in freshwater systems”
CBET - 2115447 Heejun Chang, Portland State University

"SRS-RN: Microplastics Across the Columbia River basin to the Ocean - Social-Ecological-

Technological System"




Examples of recent awards

Solutions: reduce likelihood of formation; remove from wastewater

CHE - 1901635 Marc Hillmyer, University of Minnesota
“Center for Sustainable Polymers”
Tl - 2043075 Ting Xu, University of California, Berkeley
"I-Corps: Biodegradable plastics that incorporate plastic degrading enzymes"
Tl - 2126765 Kelsey Sakimoto, Biko Biolabs, LLC
"SBIR Phase I: Plastic Waste Oxidation to Soil Carbon Amendments”
CBET - 2200436 Hongbo Du, Prairie View A&M University
"Excellence in Research: Hybrid Ceramic Membrane Bioreactor and Reverse Osmosis Processes
for the removal of Micro and Nano plastics from Municipal Wastewater"
CBET - 2029327 Carol Hall, North Carolina State University
"EFRI E3P: Massive Microplastics Remediation using Novel Microcleaners and Microbiome

Processing Accelerated by Artificial Intelligence"

Y ——
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Examples of recent awards

K-12 and informal education, Broadening Participation

EES - 2112554 Arturo Pacheco-Vega, Cal State LA
"CREST Center for Advancement toward Sustainable Urban Systems"

EES - 2022887 Chunlei Fan, Morgan State University
"HBCU-RISE: Enhancing research and education infrastructure of the Bioenvironmental Science
PhD program at Morgan State University"

EEC - 2150424 Marina Tsianou, Suny at Buffalo
"REU Site: Plastic Recycling and Advanced Chemical-physical Transformations for Improved
Circular Economy*

Y ——
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Anne-Marie Schmoltner Progrrri
Division of Chemistn
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USDA National Institute of Food and Agriculture

- U.S. DEPARTMENT OF AGRICULTURE

BEIOENERGY, CLIMATE, AND ENVIRONMENT
FOOD PRODUCTION AND SUSTAINABILITY
YOUTH, FAMILY, AND COMMUNITY

FOOD SAFETY AND NUTRITION
INTERNATIONAL PROGRAMS f

A

Micro- and Nanoplastics

Hongda Chen, National Program Leader

INVESTING IN SCIENCE | SECURING OUR FUTURE | WWW.NIFA.USDA.GOV

USDA IS AN EQUAL OPPORTUNITY PROVIDER, EMPLOYER, AND LENDER




National Institute of Food and Agriculture (NIFA)
User Inspired Science Transforming Lives

MISSION: Invest in and advance agricultural research,
education, and extension to solve societal challenges
NIFA FY2023 Enacted $1.945B
VISION: Catalyze transformative discoveries,
education, and engagement to address agricultural
challenges. " oeation

B Extension

Leadership: Dr. Manjit Misra, Director

M Integrated

Funding opportunities: Upcoming Request For Mandatory
Applications Calendar | National Institute of Food and
Agriculture (usda.gov)



https://www.nifa.usda.gov/grants/upcoming-request-applications-calendar

Potential Sources of Microplastics and
Nanoplastics to Food Systems

Environmental contaminations and
degradation of plastic debris

Terrestrial agricultural and food production

(mulch film, coverings for high tunnels, silage

film, drip tape, seed casings, plant trays and _— ‘.

bags, and row covers) R
Source: USDA Flickr

Delivery of functional materials in food and
agricultural productions using polymeric
carriers




Ex: Ingestion and Egestion of Plastic Particles by
Blue Mussel and Eastern Oyster

Environment
(microspheres & microfibers)
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The number and types of MP found in bivalve gut will
depend upon the physical characteristics of the particles

Ward, et al., Environ. Sci. Technol. 2019, 563, 8776-8784
Ward, et al., Anthropocene Coasts 2: 39-49 (2019) dx.doi.org/10.1139/anc-2018-0027



Ex: Mechanical formation of micro- and nano-plastic materials for
environmental studlies in agricultural ecosystems

-———————-—--—----——————1

Cryogenic Size Reduction (CSR)
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From Hayes’ group: Astner, et. Al., Science of the Total Environment 685 (2019) 1097—1106
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Ex: NANO- AND COLLOIDAL DELIVERY SYSTEMS FOR FOOD,
AGRICULTURE, AND HEALTH APPLICATIONS

Project: Tissue biodistribution and safety of nanoparticles Project: Nanoparticle-cell interaction (biocompatibility,
uptake, co-localization)
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Figure 3. Percentage of total dose/organ and mass (mg) of PLGA nanoparticles (a, b, ¢) and PLGA/Chi
nanoparticles (d, e, f) recovered after gavage for 7 days, 14 days and 21 days.
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Figure 3. Percentage of total dose/organ and mass (mg) of PLGA nanoparticles (a, b, c) and PLGA/Chi nanoparticles (d, e, f) recovered after gavage for 7 days, 14 days and 21 days.

7 days PLGA (% total dose)	2.9395646782537499	1.71847609780807	0.52744647973777004	0.22549089948186599	5.4189871037458301E-2	0.30850641301364001	0.185182953927885	2.9395646782537499	1.71847609780807	0.52744647973777004	0.22549089948186599	5.4189871037458301E-2	0.30850641301364001	0.185182953927885	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	3.3441906037085851	1.634204485315478	0.78655767590561798	0.35495614879573101	2.50261078909788E-2	0.290686577890509	0.14567395710912501	7 days PLGA (mg)	0.61730858243328801	0.360879980539695	0.11076376074493199	4.7353088891191802E-2	1.1379872917866201E-2	6.4786346732864403E-2	3.8888420324855802E-2	0.61730858243328801	0.360879980539695	0.11076376074493199	4.7353088891191802E-2	1.1379872917866201E-2	6.4786346732864403E-2	3.8888420324855802E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	0.70228002677880297	0.34318294191625098	0.16517711194018	7.4540791247103499E-2	5.2554826571055502E-3	6.1044181357007003E-2	3.0591530992916199E-2	organ



% total dose



mg NP 





PLGA/Chi 7 days (% total dose)	3.1068790223785938	0.51077811598886402	0.92877930687043897	0.26369116275049298	0.132347264483899	0.49457777236835399	0.25524038208251798	3.1068790223785938	0.51077811598886402	0.92877930687043897	0.26369116275049298	0.132347264483899	0.49457777236835399	0.25524038208251798	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	3.50722882841128	0.240462258289974	1.022114850529227	0.39622002763553599	8.6979167992478706E-2	0.46745203973789901	0.14326457798974401	PLGA 7 days (mg)	0.652444594699505	0.107263404357661	0.19504365444279201	5.53751441776036E-2	2.7792925541618899E-2	0.10386133219735399	5.3600480237328899E-2	0.652444594699505	0.107263404357661	0.19504365444279201	5.53751441776036E-2	2.7792925541618899E-2	0.10386133219735399	5.3600480237328899E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	0.73651805396636805	5.0497074240894599E-2	0.214644118611138	8.3206205803462593E-2	1.8265625278420499E-2	9.8164928344958699E-2	3.00855613778463E-2	Organ



% total doe



mg Np after 7 days





14 days PLGA (%total dose)	0.76515135686734104	1.177400868811127	0.29377129906375798	8.1957651056304606E-2	1.5832785335462798E-2	0.141846419712122	5.58829842432235E-2	0.76515135686734104	1.177400868811127	0.29377129906375798	8.1957651056304606E-2	1.5832785335462798E-2	0.141846419712122	5.58829842432235E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	1.0274254594292009	1.1585603854417439	0.28340786509487897	8.1820734669095299E-2	3.9364115613356697E-3	0.13539289966885101	2.9304455889358899E-2	14 days PLGA (mg)	0.321363569884283	0.49450836490067401	0.123383945606778	3.4422213443648E-2	6.6497698408943904E-3	5.9575496279091401E-2	2.3470853382153899E-2	0.321363569884283	0.49450836490067401	0.123383945606778	3.4422213443648E-2	6.6497698408943904E-3	5.9575496279091401E-2	2.3470853382153899E-2	0.43151869296026502	0.48659536188553199	0.119031303339849	3.4364708561020002E-2	1.6532928557609801E-3	5.68650178609173E-2	1.2307871473530701E-2	Organ



% total dose



mg Np after 14 days





PLGA/Chi 14days (% total dose)	1.4219921549893051	0.967833108777581	0.25041908605045898	7.8120764764488093E-2	2.9846992078188E-2	0.11370797273477699	0.114108099808923	1.4219921549893051	0.967833108777581	0.25041908605045898	7.8120764764488093E-2	2.9846992078188E-2	0.11370797273477699	0.114108099808923	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	1.2255042127530831	0.95178089992386505	0.41900245020927301	5.61047776589901E-2	8.0705623338138792E-3	4.6925354634913902E-2	5.6977016072442002E-2	PLGA 14 days (mg)	0.59723670509550797	0.406489905686584	0.105176016141193	3.2810721201084997E-2	1.2535736672839E-2	4.77573485486062E-2	4.7925401919747701E-2	0.59723670509550797	0.406489905686584	0.105176016141193	3.2810721201084997E-2	1.2535736672839E-2	4.77573485486062E-2	4.7925401919747701E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	0.51471176935629503	0.39974797796802303	0.17598102908789501	2.3564006616775799E-2	3.3896361802018301E-3	1.9708648946663802E-2	2.3930346750425699E-2	Organ



%total dose



mg NP after 14 days





PLGA 21 days (% total dose)	0.65122468757241503	0.76509575804136398	0.18673825283035	3.5296089181970997E-2	4.3077129856386197E-2	5.1877868298889802E-2	2.3942881706693401E-2	0.65122468757241503	0.76509575804136398	0.18673825283035	3.5296089181970997E-2	4.3077129856386197E-2	5.1877868298889802E-2	2.3942881706693401E-2	Int	Liver	Kidney	Spleen	Lung	Heart	Brain	0.579264768887093	0.59034625849003097	0.177184850114251	5.7677650778084101E-2	2.3494390818635202E-2	3.5069867466877298E-2	7.5771202276417203E-3	PLGA 21 days (mg)	0.41027155317062097	0.48201032756605899	0.117645099283121	2.2236536184641699E-2	2.7138591809523299E-2	3.2683057028300599E-2	1.50840154752169E-2	0.41027155317062097	0.48201032756605899	0.117645099283121	2.2236536184641699E-2	2.7138591809523299E-2	3.2683057028300599E-2	1.50840154752169E-2	0.364936804398869	0.37191814284871999	0.11162645557197801	3.6336919990192999E-2	1.4801466215740199E-2	2.2094016504132698E-2	4.7735857434142801E-3	Organ



% totalorgan



mg NP after 21 days





PLGA/Chi 21 days (%total dose)	0.84761950607068204	0.86294679902806803	0.27986712502852501	5.84460941572707E-2	7.1414426946074402E-2	0.13702855490881499	4.03951512491596E-2	0.84761950607068204	0.86294679902806803	0.27986712502852501	5.84460941572707E-2	7.1414426946074402E-2	0.13702855490881499	4.03951512491596E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	0.69128100724669195	0.63601843520589596	0.29863836070211902	4.5093918055866697E-2	5.5691847620566899E-2	9.6693600088028103E-2	1.1173334846809499E-2	PLGA 21 days (mg)	0.53400028882452999	0.54365648338768302	0.17631628876797101	3.6821039319080498E-2	4.4991088976026897E-2	8.6327989592553694E-2	2.54489452869705E-2	0.53400028882452999	0.54365648338768302	0.17631628876797101	3.6821039319080498E-2	4.4991088976026897E-2	8.6327989592553694E-2	2.54489452869705E-2	Int	Liver	Kidney	Spleen	Heart	Lung	Brain	0.43550703456541601	0.400691614179714	0.18814216724233501	2.8409168375196001E-2	3.5085864000957097E-2	6.0916968055457703E-2	7.0392009534899604E-3	Organ



% total dose



mg NP after 21 days






Multistate Coordination Research

NC-1194: NANOTECHNOLOGY AND BIOSENSORS

* Yu, C,, Takhistov, P., Alocilja, E. et al. Bioanalytical approaches for the detection, characterization, and risk
assessment of micro/nanoplastics in agriculture and food systems. Anal Bioanal Chem 414, 4591-4612
(2022). https://doi.org/10.1007/s00216-022-04069-5

NE-1545: ONSITE WASTEWATER TREATMENT SYSTEMS: ASSESSING THE IMPACT OF CLIMATE VARIABILITY
AND CLIMATE CHANGE (study microplastic beads that deliver naproxen in the environment)

S-1054: BIOBASED FIBROUS MATERIALS AND CLEANER TECHNOLOGIES FOR A SUSTAINABLE AND ENVIRONMENTALLY
RESPONSIBLE TEXTILE INDUSTRY (study bioplastics and biodegradable plastics, method development - SANS)

W-3045: AGROCHEMICAL IMPACTS ON HUMAN AND ENVIRONMENTAL HEALTH: MECHANISMS AND MITIGATION (risk
assessment of microplastics resulted from broken down agricultural plastics to human, food, and the environment)

W-4188: SOIL, WATER, AND ENVIRONMENTAL PHYSICS TO SUSTAIN AGRICULTURE AND NATURAL RESOURCES (develop
methods to extract, quantify, and characterize plastics in soils, with an emphasis on nano- and microplastics)

W-4170: BENEFICIAL USE OF RESIDUALS TO IMPROVE SOIL HEALTH AND PROTECT PUBLIC, AND ECOSYSTEM HEALTH
(characterizing environmental loading of microplastics from wastewater and biosolids, and evaluating their subsequent fate
and transport in the context of integrated watershed to global scale environmental microplastic pollution cascades)



https://doi.org/10.1007/s00216-022-04069-5

Education Efforts

* Undergraduate research - a survey of microplastics and nutrient monitoring in
agricultural production near Kinnickinnic River, WI (2015-10133)

e Tribal college students learning through monitoring and quantification of
microplastics in Waishkey bay water, sediment and locally caught native aquatic
wildlife on multiple trophic levels (2017-03930)

 UPRM graduate students learned to use the zebra fish model for the testing of
nanomaterials and microplastics for toxicity measurements in water (2016-
06003)

e Establish a citizen science monitoring program for microplastics to gather
baseline data on the presence of microplastics in the regional watershed (2018-
04882).



Food Safety Research Gaps

* Material characterization methods (qualitative and quantitative,
standards, etc.)

* Risk characterization (hazard and exposure of food)

* Fate and transport of nanoplastics in the bodies of various aquatic
species and crops, including the environmental microbiome

* Transformation of MPs and NPs in food production and under
various food processing technologies



Moving forward...

* Tools and approaches to characterize the hazards, exposure and risks of
microplastics and nanoplastics to the safety of food and agricultural
workers

e Characterization and monitoring of microplastics and nanoplastics in
complex foods and agricultural production environments

* Engagement and communication of the issues and solutions to stakeholders
and the public

* Partnerships to effectively advance sciences for understanding of the
critical issues



USDA National Institute of Food and Agriculture
S U-S. DEPARTMENT OF AGRICULTURE

Hongda.chen@usda.gov
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U.S. DOE Plastics Activities

Assistant Secretary for
Energy Efficiency &
Office of the Under Renewable Energy (EERE)
Office of the Secretary Secretary for Science and
Innovation

Office of Science (SC)

“transform our understanding of nature” & “American
leadership in the transition to a global clean energy
economy”

The mission of DOE's Office The mission of EERE is to
of Science is to deliver create and sustain
scientific discoveries and American leadership in the
major scientific tools to transition to a global clean
transform our energy economy. Its vision
understanding of nature is a strong and prosperous
and advance the energy, America powered by clean,

economic, and national affordable, and secure
security of the United States energy.

WaterPACT researcher, Dr. Ali Chamas processing
fragmented plastics debris from the Delaware River.
Photo by Werner Slocum, NREL 75130

NREL | 2



Sources of
Plastic Debris

VALUATION OUTPUTS
@ Economic

v @ carbon

Collection /\
@ Energy $
@ Environmental \/

Circular

@ Ssocial Economy

@ Health

Waterborne Plastic Assessment
& Collection Technologies



Deconstruction

Plastic Waste

Upcycling + Redesign

Plastic goods are broken down using various
biological and chemical processes

*
*

New plastic goods are created that
are recyclable by design
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CENTER for

PLASTIGS INNOVATION

THRUST 1

mmmadl PPW DECONSTRUCTION O

LUBRICANTS MACROMOLECULES

THRUST 2

CATALYSTS ENZYMES FUNCTIONAL
POLYMERS

THRUST 3
aeOsdl CROSS-CUTTING TOOLS ®

PLASTICS CHARACTERIZATION MANUFACTURING

SITYor Y | THE UNIVERSITY OF MA 3 OAK RIDGE
[ﬁ]ﬁﬁw @ ¥ CHICAGO EMHERSS§ .. National Laboratory



For additional information

Waterborne Plastics Assessment & Collection Technologies (WaterPACT)

National Renewable Energy Laboratory. 2023. “Waterborne Plastics Assessment and Collection Technologies.” Accessed May 19,
2023. https://www.nrel.gov/water/waterpact.html

Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory. 2023 “Waterborne Plastics Environmental
Weathering Leachates.” Accessed May 19, 2023. https://www.emsl.pnnl.gov/project/51941

Bio-Optimized Technologies to keep Thermoplastics out of Landfills and the Environment (BOTTLE)
Bottle. 2019. “About BOTTLE.” Accessed May 19, 2023. https://www.bottle.org/about.html

Center for Plastics Innovation
University of Delaware. 2022. “Center for Plastics Innovation.” Accessed May 19, 2023. https://cpi.udel.edu/

U.S. DOE Strategy for Plastics Innovation
U.S. DOE. 2023. “Strategy for Plastics Innovation.” Accessed May 19, 2023.
https://www.energy.gov/entity%3Anode/4394292/strategy-plastics-innovation

U.S. SBIR Projects
Small Business Administration. 2023. “Awards Information.” Accessed May 19, 2023.
https://www.sbir.gov/sbirsearch/award/all/%22plastic%20debris%22?f%5B0%5D=im field agencies%3A105731

NREL | 6
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NOAA Marine Debris Program Activities & Supported Research
Amy V. Uhrin
Chief Scientist, NOAA Marine Debris Program w

Public Webinar - Overview of U.S. Government Activities Addressing Micro- and Nanoplastics
May 22, 2023




Marine Debris Program
Applicable Congressional Acts

2006

Marine Debris Research, Prevention, and Reduction Act

2012
Marine Debris Act (amended)

2018

Save Our Seas Act (amended & reauthorized)

2020
Save Our Seas Act 2.0 (amended)

2021

Bipartisan Infrastructure Law



Marine Debris Program
Key Authorities

Identify, determine sources, assess, prevent, reduce, remove marine debris

Provide national and regional coordination

Chair the Interagency Marine Debris Coordination Committee

Conduct outreach & education esp. with other Federal agencies

Promote international action

Respond to severe marine debris events (declaration authority)

Reduce adverse impacts of derelict fishing gear (DFG)

Provide grants for marine debris projects (research, prevention, removal)

Maintain Marine Debris Clearinghouse of all funded projects

Establish a Marine Debris Foundation

Conduct studies on DFG, microF, US contributions to ocean plastic waste




Marine Debris Program
Mission & Pillars

Mission: to investigate and prevent the
adverse impacts of marine debris

Prevention

Removal

Research

Monitoring & Detection

Response

Coordination




AL L

N Research Portfolio
By Funding Mechanism
FYO05 - FY22

Competitive Grants

< Contracts

NOAA Cooperative
Institutes

NOAA Internal

Shoreline Monitoring Foundations
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NOAA Marine Debris Monitoring and Assessment Project ;J@k”r_._

Shoreline Survey Guide

https://marinedebris.noaa.gov/our-work/monitoring 6



\)L G e g

Research Portfolio
By Funding Level, Fiscal Year and Theme

76 projects totaling $11 million USD

$1,600,000

$1,400,000
B Methodology Development
m Review or Workshop
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M Distribution & Quantification
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5
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7 B Trophic Transfer
$800,000 . o
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7 M Risk Assessment & Exposure
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3*
2 B MicroP Freshwater Field Research
3 B Gear Modification
$400,000 6 3 ,
M Fate & Transport
1 W Economic Study
$200,000 1 B DFG Impact Assessment
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FY19 Example Projects
Virginia Institute of Marine Science
Microplastics & Disease Susceptibility

Rainbow trout + virus + microP = mortality?
T+ i 7 K




FY19 Example Projects
University of Delaware
Risk of Microplastics Exposure to Blue Crab Larvae

3
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®* Determines time-integrated exposure ® Determines adverse response function
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FY21 Example Projects
San Diego State University
Sources of Marine Debris in San Diego River

Encampment debris

‘ d ), a T .7 e
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Debris fragmentation cage 10
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FY21 Example Projects

Villanova University

Pathways & Degradation within the Guanica Watershed

Field samples

Sampling Field
Location Protocol
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Guanica Bay, Puerto Rico

Degradation design
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Thank you!

https://marinedebris.noaa.gov/our-work/research



ZUSGS

science for a changing world

Overview of U.S. Government activities addressing
micro- and nano-plastics issues

U.S. Geological Survey

Shawn C. Fisher
NNI Public Webinar | May 22, 2023

U.S. Department of the Interior
U.S. Geological Survey



U.S. Geological Survey

Department of the Interior

* Monitors, analyzes, and predicts current and evolving Earth-system
interactions and delivers actionable information at scales and
timeframes relevant to decision makers.

* Non-regulatory, unbiased

* Science for a Changing World
* 5 Mission Areas

* 60 Science Centers
 100s of Laboratories and Research Facilities

\

s USGS https://www.usgs.gov/



Supporting water-resource and ecological
evaluations of microplastics in the environment

* Hydrogeology photo credits: M. Antidor, USGS
* Water chemistry and quality : :
* Physical conditions
* Atmospheric deposition

* Ecology
* Aguatic species
* Habitat

* Linking microplastic distribution to sources and environmental conditions
* Particle type, size, and polymer type in water and soil/sediment
* Correlations with streamflow and precipitation/stormwater runoff
* Land-use, imperviousness, and climate
* Fish tissue and biological assessments

USGS

\Y
\

[ 3



Microplastics strategy and quality assurance

e Standardized sampling procedures
* Develop methods for various media: water, air, soil/sediment, biological

* Integrate sampling for microplastics with streamgaging and traditional
water-quality sampling
* Work with Federal and academic partners

* Ensure high level of quality and reproducibility
* Minimize plastic equipment and limit cross-contamination
 Collect sufficient quality-control samples (blanks, replicates)
* Share procedures among Science Centers and Mission Areas

a2 USGS

‘
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Photo credits: USGS



Photo credits: USGS

a2 USGS




Collaboration on microplastics research and
methods development

* Federal partners
e Sample collection (EPA, NPS)
* Advanced analytical capabilities (EPA, NOAA)
e Standardization (NIST)

* Academic partners
* Novel analytical approaches (University of Oklahoma)
* Advanced onsite analysis (University of Alabama)
e Sample analysis (University of Illinois)

e State and local stakeholders



USGS data and reports

Microplastics in the Delaware River,
Northeastern United States

a2 USGS

clerue fr 8 sl ok What are microplastics and where do Microplastic types and possible sources
they come from?

@ ScienceBase-Catalog ~ Communities  Help ~

Microplastics are a contaminant of increasing o
ScienceBase Catalog — USGS Idaho Water Science ... — Water Quality — Microplastics in the Delawar... in aquatic environments. Our understanding of microplastics Pellets/beads:
in freshwater environments has increased dramatically over
M icroplastics in the DeIaWa re RiVer 20 1 8 = view ~ the past decade, 1._-un we still lack i:_1ru|_m;_uiun on mimup_]untiu_

) occurrence and biclogical uptake in National Park Serviee (NPS)
waters. Defined as plastic particles less than § millimeters (mm)
in diameter, microplastics come from a wide variety of sources
(see “Microplastic types and possible sources™ infographic)
and commonly are classified by particle type or morphology,
including fibers, pelletabeads, foams, films, fragments, and tire Surthet thing and
particles. Microplastics reach aquatie environments. through
diverse pathways, including littering, stormywater mnoff,
industrial and domestic wastewater, overland application of
biosolids, atmospheric deposition, and breakdown of aquatic
equipment such as buoys and boats.

Dates

Publication Date :  2020-10-29
Start Date :  2018-07-05
End Date: 2019-03-2%

Citation

Baldwin, AK_, Spanjer, A R., Hayhurst, B., and Hamilton, D., 2020, Microplastics in the Delaware River, 2018: U.S
Geological Survey data release, htips://doi.org/10.5066/P9QVIVX3

Films:
Baps and wrappars

Summary

This dataset describes the quantity and morphology of microplastics in water, sediment, fish, and mussel samples from
the Delaware River and select tributaries, including portions of the Upper Delaware Scenic & Recreational River,
Middle Delaware National Scenic River, Delaware \Water Gap National Recreation Area, and Lower Delaware Scenic & M ap »
Recreational River. Water and sediment samples were collecied at nine locations, from Callicoon, New York, at the e _——
upstream end, to Burlington, New Jersey, at the downstream end. Smallmouth bass (Micropterus dolomieu), white

sucker (Catostomus commersonii), and eastem elliptio (Elliptio complanata) were sampled at a subset of locations to 1

assess biological uptake of microplastics. Sampling and analysis methods are described in the Processing Steps
section of the metadata. Samples were collected July 2018 - March 2019

The Delaware River

Stratton) |
WilkesBare
L,

oioam™ cups and take-
mers, packing matarial

Contacts

Nonkers

B Figure 1. U5 Geological Survey scientists collecting a
lel Yo e microplastics sample in the Deleware River at Calicoon, Mew York.

Point of Contact:  Austin K Baldwin
Originator :  Austin K Baldwin, Andrew R Spanjer, Brett A Hayhurst, Donald Hamilton
Metadata Contact:  Austin K Baldwin
Distributor :  U.S. Geological Survey - ScienceBase
SDC Data Owner:  |daho Waler Science Center

NewlBrinsiick |~
ity Lo ranch

bl Tire particles:
ear, crumb rubber

alds, mbbenized asphalt

i
Fhiladelohia

USGS Mission Area: \Waler Resources Communities
« USGS Data Release Products
Attached Files «- « USGS Idaho Water Science Center #

U5, Degarmment af hs banerisr Fact Shees 20003071
5. Gealogetal Survey Jumwary 2021

a2 USGS

Baldwin, A.K., Spanjer, A.R., Hayhurst, B., and Hamilton, D., 2021, Microplastics in the Delaware River, northeastern United States:
U.S. Geological Survey Fact Sheet 2020-3071, 4 p., https://doi.org/10.3133/fs20203071



USGS — Research Highlights

changing world USGS General Information Product 196 (https://pubs.usgs.gov/gip/196/gip196.pdf)



GLRI Study 2014
29 tributaries

I\/I i C ro p | a St i CS i n ~22% of total inflow to the Great Lakes

Range of land uses

G re at La ke 4 samples/site (2 baseflow, 2 stormflow)

tributaries

Baldwin, A. K., Corsi, S. R., Mason, S. A., 2016, Plastic Debris in 29 Great Lakes Tributaries: Relations to Watershed
Attributes and Hydrology. Environ. Sci. Technol., vol. 50, no. 19, p. 10377-10385. https://doi.org/10.1021/acs.est.6b02917




Microplastics in Lake Michigan and Lake Erie sediment

Polymers Polymers

(p<1.1gcm?®) (p>1.1gcm™)

0.75-
—

0.50 -

0.25 -

Sum of Estimated Fraction of Total

0.00 - I
Lake Lake Lake Lake
Erie Michigan Erie Michigan
p = density

. Lenaker, P. L., Corsi, S. R., Mason, S. A., 2021, Spatial
f“é USGS Distribution of Microplastics in Surficial Benthic Sediment of - | |
Plastic Type: [ Fragment [7] Pellet/Bead ['] Fiber/Line [| Film [l Foam

Lake Michigan and Lake Erie: Environ. Sci. Technol., vol. 55,
no. 1, p. 373-384. https://doi.org/10.1021/acs.est.0c06087




Vertical distribution of microplastics in the

Milwaukee River Basin

©
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w
(1)
—
(@)
S
=2
w

WQSP, water-quality sensor package

a2 USGS

fraction of total

Polymers density Polymers density
(<1.1 g cm) (>1.1 gcm™®)

1 * 1 1
Water Water Sediment Water Water Sediment

surface subsurface surface subsurface

Lenaker, P. L., Baldwin, A. K., Corsi, S. R., Mason, S. A, Reneau, P. C., and Scott, J. W., 2019, Vertical Distribution of Microplastics in the Water Column and

Surficial Sediment from the Milwaukee River Basin to Lake Michigan: Environ. Sci. Technol., vol. 53, no. 21, p. 12227-12237.
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Spatial assessment of microplastics in Minnesota
Rivers and Lakes

2 USGS

Study ongoing | Upper Midwest Water Science Center | contact: Peter Lenaker (plenaker@usgs.gov)



Biweekly microplastic sampling in Alplaus Kill, New York

200

150 A

Discharge (cfs)

50 ~

0

100 -

Alplaus Kill Discharge Measurements

H HH , HHHDHDDDDDDHHH

0

5 10 15 20 25

Sample Number

cfs, cubic feet per second

Study completed | NY Water Science Center | contact: Michael Antidormi (mantidormi@usgs.gov)



Microplastics in Lake Mead,
Nevada

m3, cubic meter
conc, concentration
dw, dry weight

a2 USGS

Baldwin, A.K., Spanjer, A.R., Rosen, M.R., and Thom, T., 2020, Microplastics in Lake Mead National Recreation Area, USA: Occurrence and biological uptake:
PloS One, vol. 15, no. 5. https://doi.org/10.1371/journal.pone.0228896



Microplastics in Galveston Bay, Texas

Drainage areas
33 to 3,970 mi?

Land cover
characteristics
e 6-72% urban
e 1-37% forested
o 18-76% agricultural

4 )
Study under
o Baseflow
o Stormflow

\§ J

a2 USGS

Study ongoing | OK-TX Water Science Center | contact: Zulimar Lucena (zlucena@usgs.gov)



Milwaukee Metropolitan Sewerage District
Microplastics sources and green infrastructure

Photo credit: Pete Lenaker

",ﬁ-.{d USGS Photo Credit: Bill Selbig Photo Credit: Pete Lenaker

Study ongoing | Upper Midwest Water Science Center | contact: Peter Lenaker (plenaker@usgs.gov)
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USGS

Correlating microplastics and water-quality
constituents with land use in lowa rivers

Water
* Microplastics, PFAS, pesticides,

nutrients, suspended sediment,
bioassays, neonicotinoids,
pharmaceuticals, microbial

Bed sediment

* Microplastics, PFAS, neonicotinoids,
pharmaceuticals, microbial

Fish tissue

* Microplastics, PFAS, neonicotinoids,
pharmaceuticals

PFAS, per- and polyfluoroalkyl substances

Study ongoing | Central Midwest Water Science Center | contact: Shannon Meppelink (smeppelink@usgs.gov)



Microplastics and chemical analysis of
sediment in Puget Sound,
Washington

Photo credits: Abby Barnes, Washington
State Department of Natural Resources

a2 USGS

\

Black, R.W., Barnes, A., Elliot, C., and Lanksbury, J., 2018, Nearshore sediment monitoring for the Stormwater Action Monitoring (SAM) Program, Puget Sound,
western Washington: U.S. Geological Survey Scientific Investigations Report 2018-5076, 53 p., https://doi.org/10.3133/sir20185076



Microplastics in atmospheric deposition, Colorado

\Y
\

~ USGS . . . Wetherbee, G., Baldwin, A., Ranville, J., 2019, It is raining plastic.:
- CO## denotes National Atmospheric Deposition U.S. Geological Survey Open-File Report 2019-1048, 1 sheet,

Program (NADP) site in Colorado https://doi.org/10.3133/0fr20191048.



\

Microplastics in dust-on-snow, Colorado

USGS Reynolds, R.L., Goldstein, H.L., Kokaly, R.F., and Derry, J., 2022, Microplastic particles in dust-on-snow,

)
\

\

Upper Colorado River Basin, Colorado Rocky Mountains, 2013—-16: U.S. Geological Survey Open-File Report
2022-1061, 7 p., https://doi.org/10.3133/0fr20221061



Thank you

Shawn Fisher | USGS New York Water Science Center | scfisher@usgs.gov

a2 USGS



National Institute of Environmental Health Sciences
Your Environment. Your Health.

Overview of U.S. Government Activities Addressing
Micro- and Nano-plastics Issues:

National Institute of
Environmental Health Sciences (NIEHS)

Nigel Walker PhD DABT
May 22nd 2023

National Institutes of Health « U.S. Department of Health and Human Services
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National Institute of Environmental Health Sciences (NIEHS)

* One off the 21 Institutes that comprise the
National Institutes of Health (NIH)

— Located in North Carolina

* NIEHS Mission

— Discover how the environment affects people in
order to promote healthier lives.

» Leadership
— Rick Woychik, PhD; Director
— Trevor K Archer, PhD; Deputy Director
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Overview of NIEHS research

* Funded by NIEHS

— Division of Extramural Research and Training (DERT)

* Funding of extramural grant programs that support
research and research training in environmental health

 Superfund Research Program
» Worker Education and Training

« Conducted by NIEHS

— Division of Intramural Research (DIR)
* Investigator-initiated in-house research

— Clinical Research Unit

— Division of Translation Toxicology (DTT)

* Programmatic Team-science primarily utilizing external
R&D contract research organizations (CROs) and in-
house capabilities

» Headquarters of the National Toxicology Program (NTP)
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Current Microplastics (MPs)/Nanoplastics (NPs) grant funding

NIEHS Notice of Special Interest (NOSI); NOT-ES-23-002

— Understanding Exposure and Health Effects of Microplastics
(MPs) and/or Nanoplastics (NPs)

Research Objectives

— Support research to gain comprehensive understanding of the
physiochemical characterization, exposure, and related human
health effects of MPs and/or NPs.

Exploratory (R21) and Research Projects (R01)
— Accepted through November 16, 2027
Inquiries:

— Lingamanaidu (Ravi) V. Ravichandran, Ph.D.
* Program Officer, DERT, NIEHS

— lingamanaidu.ravichandran@nih.gov

— https://grants.nih.gov/grants/quide/notice-files/NOT-ES-23-
002.html
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(NOSI):Specific Topics of Research Interest: Exposure Assessment

Development of screening methods to rapidly detect and quantify MPs or NPs in
air, food, drinking water, and other media

Development and application of analytical methods or technologies to directly
characterize or assess the MPs or NPs

Standardization of approaches for methods of sample collection, processing from
complex mixtures for real-world sample analysis

Development and application of reference standards, quality controls

* Development and validation of sensor/monitoring technologies or tools that can
be applied to detect personal exposure levels of MPs or NPs

* It is important the proposed studies include MPs/NPs with defined physical and
chemical properties and/or special emphasis placed on the characterization of the
MPs or NPs species for the size, shape, type, and concentration.

National Institutes of Health
U.S. Department of Health and Human Services



National Institute of Environmental Health Sciences
Your Environment. Your Health.

(NOSI):Specific Topics of Research Interest; Health Effects

Application of In vitro & Air Liquid Interface (ALI) models and micro-physiological
systems for characterizing the biological or toxicological effects of well characterized
MPs or NPs.

Evaluation of acute and/or sub-chronic toxicity or risk assessment in diverse
species/strains using well characterized MPs or NPs with studies focused on the
relevant biological or toxic effects.

Utilization of alternative model systems (e.g. Zebra fish, C. elegans) for developmental,
acute, subchronic and/or chronic toxicity studies of well characterized and diverse MPs
or NPs or mixtures of different types, size, shapes, and aged MP particles.

Characterization of biodistribution, bioaccumulation, absorption, biotransformation,
biological interaction, and excretion of well characterized and environmentally relevant
MPs or NPs.

It is important the proposed studies include MPs/NPs with defined physical and
chemical properties and/or special emphasis placed on the characterization of the
MPs or NPs species for the size, shape, type, and concentration.
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Past Extramural programs on nanomaterial safety

« History of funding research programs on nanomaterials since 2009

— NIEHS Centers for Nanotechnology Health Implications Research (NCNHIR)
Consortium

— NIEHS Nano Grand Opportunity Grant Program (Nano GO)

« Nanomaterials Health Implications Research (NHIR) Consortium

— Links the physical and chemical properties of high priority engineered nanomaterials
(ENM) and newly developed ENMs to biological responses using a variety of testing
approaches

« Small Business Innovation Research (SBIR) and Small Business Technology
Transfer (STTR) grants program

— Helps small businesses develop innovative and commercially viable products or
technologies across a broad spectrum of topic areas, including ENMs.

» https://www.niehs.nih.gov/research/supported/exposure/nanohealth/index.cfm
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Division of Translational Toxicology (DTT)

- Utilize existing knowledge with nanomaterial characterization to develop novel
methods that are applicable to mixtures of nanoplastics

— Interagency agreement between NIEHS/DTT and FDA/National Center for
Toxicological Research (NCTR)
* Anil Patri PhD; Director, Nanocore, NCTR
* Develop validated methods for detection, identification and quantitation of various mixtures of
nanoplastics in the food chain

* National Toxicology Program

— NTP toxicological studies and health assessments
» Polymer Precursors and synergists (e.g. BPA, Styrene, vinyl halides)
* Plasticizers (e.g. Phthalates, NBBS)
 Additives (e.g. Brominated flame retardants, Antimony trioxide, PFAS)
* Crumb rubber

— NIEHS-CEBS database
* https://cebs.niehs.nih.gov/cebs/
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NNI PUBLIC WEBINAR:
OVERVIEW OF U.S. GOVERNMENT ACTIVITIES ADDRESSING MICRO- AND
NANOPLASTICS ISSUES
SESSION 2: REGULATORY/COLLABORATIONS, JUNE 6, 2023, 1-2:30 PM ET

T,

1:00 Reconvening/introductory remarks (Anil Patri, FDA,
moderator)

1:05 State Dept.: International Collaborations &
Negotiations (Rob Wing)

. Anil Patri Rob Wing Kay Ho Stacey Wiggins
1 15 EPA OVGWleW (Kay HO) Director, Nanotechnology Core Deputy Director, Office of Environmental Research Science Advisor,
1 25 FDA: SCientiﬁC Review (Stacey ngglnS) Facility. FDA Environmental Quality, Scientist, Environmental Effects Center for Food Safety &
1 35 ATSDR and NCEH OverVieW (CUStOdiO MUianga, (Moderator) State/OES Research Lab, EPA Applied Nutrition, FDA

Gaston Casillas, Max Zarate-Bermudez)
1:50 CPSC: Interagency Collaborations (Joanna Matheson)
2:00 Facilitated Q&A and discussion

Custodio Muianga Gaston Casillas Max Zarate-Bermudez Joanna Matheson
Environmental Health Scientist Research Fellow, CDC/IATSDR Epidemiologist, CDC/NCEH Toxicologist, Program
CDC/ATSDR Wanager, Nanotechnology,
CPSC

HTTPS: //[WWW.NANO.GOV/PUBLICWEBINARS
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