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Overview
• What are Micro and Nanoplastics
• What is known about Micro & Nanoplastics
– Global Problem
– Public concerns
– Studies done thus far on micro plastics relevant to human
exposure

• What is not known about Nanoplastics
– No validated/appropriate methods or standards for Detection,
Identification, Quantitation
– Systematic studies on hazard, exposure, risk assessment

• Interest in US and Abroad
– NOAA, CDC/ATSDR, EPA, NIOSH, CPSC, NIST, others
– EFSA, CFIA, JRC, BfR

• Potential studies for consideration & research
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What are Micro and Nanoplastics
• Micro and nanoplastics can be engineered particles or generated from bulk
plastics through degradation
• Primary particles:
Particle made commercially in
micron or nano size range

• Secondary particles:
Particles from degradation of
bulk/primary particles
Micro plastics
0.1 µm – 5 mm

Nanoplastics
1 nm-100 nm

Fragments, Fibers, Spheroids, Granules, Pellets, Flakes, Beads
• No standard definition exists
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Global Problem
• Worldwide annual production of plastics is estimated to be >300 Million Tons
• World Economic Forum estimates accumulation of 50 million tons of plastic
in Oceans and 90% of plastic ends up in Oceans through rivers
• Plastic debris in aquatic environment can degrade into micro/nanoplastics,
leading to biopersistence, bioaccumulation, and toxicity
• A large variety of plastics sources exist including paints, food packaging,
consumer products, personal care products, medical products & devices,
diagnostics, and electronics.
• Compared to microplastics, nanoplastics have significantly higher surface
area, penetrate through barriers and adsorb to metals and chemicals
including PNAHCs, pesticides, and other persistent organic pollutants (POPs)
resulting in potential hazard.
• Human exposure can occur through inhalation, ingestion and dermal routes
• Huge knowledge gaps exist, especially for nanoplastics for the identification,
detection, quantitation to conduct exposure and risk assessment
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The Great Pacific Garbage Patch
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Micro Nanoplastics degradation

UV, Temp,
Agitation, pressure

Microplastics
0.1 µm – 5 mm

Further
Degradation

Nanoplastics
1-100 nm

Chemicals

Nanoplastics adsorbed to
chemicals & pollutants

Micro
Nano

Food Chain
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Public Concerns and Actions
• Very costly to clean up
environment of accumulating
plastics
• Solution to this problem is to
reduce, recycle, reuse & upcycle
• US banned the microbeads use
‘Microbead-Free Waters Act of
2015’ – banned manufacturing of
cosmetics with added microbeads
from Jan 1, 2018
• European Parliament approved
ban on single use plastics (25
October 2018)
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Environmental Protection Agency
The current state of the science does not
allow an assessment of possible human
health risks from the ingestion of seafood
contaminated with microplastic-derived
persistent, bioaccumulative, and toxic
chemicals (PBTs).

Further research is needed to gain
knowledge of the extent to which plastics
transfer contaminants to organisms
compared to other sources, as well as the
toxicological impacts of plastic ingestion
compared to other environmental stressors

https://www.epa.gov/trash-free-waters
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EPA White Paper
The abundance of Microplastics is increasing
in the marine environment
Compared to macroplatics

“Methods do not currently exist to detect
Nanoplastics in natural environment”
Research is needed to determine whether the
relatively high surface area of nanoplastics
compared to microplastics and their potential
to permeate membranes with increased
retention time may increase their
toxicological risk to organisms
Research needs include studies to gain better
understanding of the fate of chemicals both
sorbed to and in plastics under different
Environmental conditions and within an
Organism after ingestion
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NOAA Marine Debris Program
Laboratory Methods for the Analysis of
Microplastics in the Marine Environment

• Different methods for
• Sea samples
• Beach samples
• Bed samples
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US Geological Survey
• Microplastics in our Nation’s
waterways
– Microplastics are found
everywhere: lakes, rivers and
aquatic animals
– 12% of freshwater fish are
found to have microplastic
– 50 particles per serving in
oysters
– 90 particles per serving
commercially

• How are they getting there

https://owi.usgs.gov/vizlab/microplastics/
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DOE: Upcycling of plastics
• Plastics recycling is expensive
• Chemical Upcycling of Polymers—
Transforming discarded plastic from waste
to high-value products
• Deconstruct, reconstruct, functionalize

Catalyst: Pt Nanoparticles on SrTiO3 support
https://pubs.acs.org/doi/pdf/10.1021/acscentsci.9b00722

https://www.ameslab.gov/cbs/fwp/catalysis-theupcycling-polymers
https://science.osti.gov/bes/CommunityResources/Overview-Brochures
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EFSA Panel on Contaminants in the Food Chain
•
•

•

•
•

•
•

Limited data available on the occurrence
of microplastics in foods
Methods described for identification and
quantitation of microplastics in food, in
some studies, lack quality assurance
Most microplastics were found in GI tract
of fish; human exposure limited with
removal of GI tract
Does not apply to shell fish and small fish
Fish meal used in poultry production and
pig rearing – microplastics may end up in
non-marine food
Data available on fish, shrimp, bivalves,
honey, beer and table salt.
Concentration of microplastics data
–
–
–
–
–
–

Fish: GI tract only: 1-7 microparticles/fish
Shrimp: 0.75 MP per gram
Bivalves: 0.2 – 4 per gram
Honey” 0.166 fibres/g
Beer < 0.1 per mL
Table salt: 0.68 particles/g
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EFSA Panel on Contaminants in the Food Chain
•
•
•

•
•

•
•
•

•
•

Very little information on Nanoplastics
No analytical methods for identificatioin and
quantitation of Nanoplastics in food
No available literature on the fate of
nanoplastics during the processing of
seafood
Lack of information on the fate of
nanoplastics in GI tract
It is not known whether ingested
microplastics degrade further to nanoplastics
Toxicity data for nanoplastics is lacking for
human health risk assessment
It is not yet possible to extrapolate data from
one nanomaterial to the other
Recommendation: Analytical methods
should be developed and standardized to
assess their presence, identity, and quantity
in food.
Occurrence data in food should be generated
to assess dietary exposure
Research on toxicokinetics and toxicity
needed
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Scientific Advice on Policy by European
Academies (SAPEA) Report
• To provide a scientific perspective on the current
knowledge about the impact of NMPs in nature and
society.
• Presented the summary of findings on microplastics
• Nanoplastics: not much information is available for
characterization, hazard, exposure, risk assessment
–
–
–
–
–

There is a need for improved quality and international harmonization of the methods used to assess
exposure, fates and effects of NMPs on biota and humans
The human daily intake of NMPs is unclear
There is a need to understand the potential modes of toxicity for different size-shape-type NMP
combinations – little is known about nanoplastics (as opposed to microplastics)
Communicating transparently about the uncertainties in the scientific evidence is a safer approach than
assuming a lack of risk, especially regarding food and human health
It is not feasible to distinguish between NMPs and large macroplastics when reviewing and defining
regulations

https://www.sapea.info/
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Studies relevant to human exposure
•
•
•
•
•
•
•
•
•
•
•

Focused on microplastics in marine environment
Plastic fragments found in 1/3rd of all fish studied from Pacific Gyre and English
Channel
50% of coastal fish from Northeast Atlantic area are found to contain microplastics
Most studies found macro and micro plastics in GI tract while some studies found
micro plastics in fish liver
Shell fish and mussels contain higher concentrations of microplastics
Studies estimated European consumer consumption of 10,000 microparticles per year
Microplastics were found in honey, beer, salt, sugar, water
Recent study found microplastics in human excrements
Plastics exposure from air – inhalation route of exposure
Debry from implants
Controlled laboratory experiments
–
–

•

Used higher concentrations
Zebra fish models

Nanoplastics (50 nm, 100 nm) study in zebra fish: Taken up all over the body

• Overall, very few studies exist on nanoplastics and lack of appropriate
methods for their detection in natural environment
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EXPOSURE AND RISKS
•

A large variety of plastics sources exist including
paints, food packaging, consumer products, personal
care products, medical products & devices,
diagnostics, and electronics.

•

Compared to microplastics, nanoplastics have
significantly higher surface area, may penetrate
through barriers and adsorb to metals and chemicals
including polynuclear aromatic hydrocarbons
(PNAHCs), pesticides, and other persistent organic
pollutants (POPs) resulting in potential hazard.

•

Human exposure can occur through inhalation,
ingestion and dermal routes.
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Global Summit on Regulatory Science 2019
Nanotechnology and Nanoplastics
•
•
•

•
•
•
•

Drs. William Slikker & Marta Hugas, Co-Chairs,
GCRSR
Sept 24-26, 2019; Stresa, Italy.
Co-hosted by the Joint Research
Center, European Commission
Focus on regulatory science research
questions
Present progress and exchange views
on current challenges
Harmonizing strategy through global
Scientific Program Committee
Anil K. Patri, Ph.D., U.S. Food and Drug Administration (FDA) (Co-chair)
collaborations
Birgit Sokull-Kluettgen, Ph.D., European Commission (EC), Joint Research Centre
(JRC) (Co-chair)
200 attendees from 34 countries
Susanne Bremer-Hoffmann, Ph.D., European Commission (EC), Joint Research
Centre (JRC)
Sessions: Nanomaterial in Drug
Marta Hugas, Ph.D., European Food Safety Authority (EFSA)
Reinhilde Schoonjans, Ph.D., European Food Safety Authority (EFSA)
products, Devices, Toxicology, Food,
Dolores Hernan, Ph.D., European Medicines Agency (EMA)
Michael Johnston, Ph.D., Health Canada (HC)
Standards and a plenary session on
Deborah Moir, Ph.D., Canadian Food Inspection Agency (CFIA)
Neil Vary, Ph.D., Canadian Food Inspection Agency (CFIA)
Nanoplastics
Nick Fletcher, Ph.D., Food Standards Australia New Zealand (FSANZ)
Xingchao Geng, Ph.D., National Institute for Food and Drug Control (NIFDC)
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Inter-agency coordination/collaboration
Sample collection

Recycling/Upcycling
Standards

Develop methods

Modeling

Analysis

Interagency

Gap analysis

Interest

Research funding

Policy
Databases

Biological studies
Exposure assessment
Hazard assessment
Risk assessment

• Share information, enhance collaborations and coordinate research
to minimize redundancies
• Understand knowledge gaps
• Thrust areas: Collection, Characterization; Hazard, Exposure & Risk
Assessment; Mitigation
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KEY KNOWLEDGE GAPS AND CHALLENGES
• Detection, Identification,
Quantitation of nanoplastics
• Robust, reproducible in vitro
studies
• Hazards, exposure and risk
assessment of micro/nanoplastics
• Broad range of polymer
composition
Schwaferts, C., et al. (2019) TrAC Trends in Analytical
Chemistry 112: 52-65.

20

Nguyen et al. (2019) Accounts of Chemical Research 52 (4), 858-866

Upcoming activities
• National Academy of Sciences Workshop: Emerging
Technologies to Advance Research and Decisions on the
Environmental Health Effects of Microplastics January 27, 28th,
2020; Washington D.C.
• American Chemical Society meeting: Micro- & Nano-Plastics in the
Environment: Detection, Characterization, Fate, and Impact; March 22-26,
2020; Philadelphia.

• Pacifichem2020; Micro- Nanoplastics workshop, December 15-20, 2020.
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ANALYTICAL TECHNIQUES

SAMPLING

SEPARATION

IDENTIFICATION

CHARACTERIZATION

QUANTITATION

RISK
ASSESSMENT

SAMPLING AND SEPARATION
PRECONCENTRATION

5mm

1mm
Sieve
300 µm
50-80 µm
1µm
200 nm

Zoo-P Net
Phyto-P Net

•
•
•
•
•
•

Evaporation of solvents
Matrix digestion in biological samples
Membrane filtration (> 10 nm)
Ultra filtration
Dialysis (5-50 nm)
Analytical Ultracentrifugation (1nm-1um)

Conventional filter
Nano filtration
Asymmetric Field Flow Fractionation (1nm -1µm)
Crossflow ultrafiltration (20-100 nm ultrafiltration, 0.1-1µm microfiltration)
Capillary electrophoresis (5nm-500 nm)
Size exclusion chromatography (1nm-100 nm)
HPLC (1nm-40 nm)
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ANALYTICAL TECHNIQUES contd.
IDENTIFICATION, CHARACTERIZATION AND QUANTITATION
Size and morphology characterization
•

Visual characterization (Naked eye/ Magnifying

glass), coupled with staining?
•

Scanning/Transmission electron microscopy

•

Dynamic light Scattering

•

Multi-Angle Light Scattering

•

Laser diffraction

•

Nanotracking analysis

Compositional characterization
•

Fourier transform infrared spectroscopy (>20 µm)

•

Raman microscopy (<20 µm)

•

X-ray photoelectron spectroscopy

•

Thermal desorption coupled with GC-MS

•

Pyrolysis GC-MS (greater sensitivity)

Nguyen et al. (2019) Accounts of Chemical Research 52 (4), 858-866
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