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DEFINING THE TERMS

22

WHAT ARE PARTICLES?

A minute piece of matter with defined physical boundaries and a 
defined physical boundary as an interface (EU Commission, 2011)

WHAT ARE MICROPLASTICS? 5mm 1mm 0.1 
mm

Plastic particles < 5 mm in length (WHO, 2022)

• Shape: Irregular fragments, sphere, fibers, films

• Composition and surface characteristics

• Solid polymer-containing fiber particle with dimensions: length of 3 
nm ≤ x ≥ 15 mm and a length to diameter ratio of > 3 (WHO, 2022)

• Considered microplastic if the size, shape and polymer 
compositions requirements are met. 

WHAT ARE MICROFIBERS?  ARE THEY MICROPLASTICS?
EPA and NOAA 
Interagency 
Marine Debris 
Coordinating 
Committee, 
2022 

https://safesilica.eu/respirable-
crystalline-silica/

https://safesilica.eu/respirable-crystalline-silica/
https://safesilica.eu/respirable-crystalline-silica/
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WHAT ARE PLASTICS?

• High relative molecular mass polymer (20,000-200,000 Da)

• Shaped by flow at some stage in its processing into finished 
products (ISO 472:2013)

• Molecule of high relative molecular mass

• Multiple repeating units of low relative 
molecular mass molecules (IUPAC, 2008)

WHAT ARE POLYMERS?

Natural rubber Polysaccharide

Silk

Adapted from Duncan et al., 
Analytical Chemistry, 2024

PE=Polyethylene, PVC=Polyvinylchloride, 
PTFE=Polytetrafluoroethylene, PP=Polypropylene, 
EVOH=Ethylene Vinyl Alcohol,               
PET=Polyethylene Terephthalate, PS=Polystyrene

https://tardigrade.in/question/the-natural-rubber-is-the-polymer-of-zac57edh

https://www.researchgate.net/publication/313988058

https://www.thoughtco.com/polysaccharide-definition-and-functions-4780155

https://tardigrade.in/question/the-natural-rubber-is-the-polymer-of-zac57edh
https://www.researchgate.net/publication/313988058_Comparative_analysis_of_colour_strength_and_fastness_properties_on_extracts_natural_dye_from_onion%27s_outer_shell_and_its_use_in_eco-friendly_dyeing_of_silk_fabric/figures?lo=1
https://www.thoughtco.com/polysaccharide-definition-and-functions-4780155
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WHAT ARE PLASTICS?

• High relative molecular mass polymer (20,000-200,000 Da)

• Shaped by flow at some stage in its processing into finished 
products (ISO 472:2013)

• Molecule of high relative molecular mass

• Multiple repeating units of low relative 
molecular mass molecules (IUPAC, 2008)

WHAT ARE POLYMERS?

Natural rubber Polysaccharide

Silk

Adapted from
Duncan et al., 
Analytical
Chemistry, 2024

PE=Polyethylene, PVC=Polyvinylchloride, 
PTFE=Polytetrafluoroethylene, PP=Polypropylene, 
EVOH=Ethylene Vinyl Alcohol,               
PET=Polyethylene Terephthalate, PS=Polystyrene

Microplastics have features both of microparticles 
and plastics.  

Adapted from Koelmans et al., Nature Reviews, 2022

How are they formed? 
What are common sources?



HOW ARE MICROPLASTICS FORMED?
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Non-intentionally 
produced particles

Intentionally 
produced



COMMON AND MAJOR SOURCES OF MICROPLASTICS
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EXAMPLES: RELATIVE PROPORTIONS OF SOURCES
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https://www.weforum.org/agenda/2022/08/where-oceans-
microplastics-come-from/

Ryberg, M., Laurent, A., & Hauschild, M. Z. (2018). Mapping of global plastic value chain and plastic losses to  the 
environment: with a particular focus on marine environment. United Nations Environment Programme.

Ryberg et al. (2018). UNEP Report

Sources-of-microplastics Seas-at-risk.org

https://www.weforum.org/agenda/2022/08/where-oceans-microplastics-come-from/
https://www.weforum.org/agenda/2022/08/where-oceans-microplastics-come-from/
https://seas-at-risk.org/wp-content/uploads/2021/05/Sources-of-microplastics.png


MICROPLASTIC PATHWAYS & 
FATE
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CONCERNS - UBIQUITY
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• Plastic pollution, including microplastics, 
found everywhere in the world

• Found in all environmental compartments 
including water, soil, biota, ice, clouds, and air

• Microplastics have been detected throughout 
the human body, including brain tissue, blood, 
reproductive organs, and placentas



CONCERN – IMPACTS ON ENVIRONMENT & BIODIVERSITY
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• Contamination (air, water, soil)

• Chemical release & transformation

• Ingestion and inhalation
• Toxicity

• Physical lacerations

• Dietary dilution

• Decreased reproductive health

• Increased severity of infections

• Climate Change

• Transport
• Invasive species

• Viruses and pathogens

• Microbial growth and community dynamics



CONCERN- IMPACTS ON HUMAN HEALTH 
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• Microplastics found in human organs, 
placentas (can cross cell barriers too)

• Major exposure pathways:
• Inhaling airborne particles

• Ingesting contaminated food and drink

• 3 processes for health impact:
• Physical impact to organ

• Toxicity from infection, disruption of gut 
microbiota

• Direct toxic effects from chemicals



CONCERN – IMPACTS ON 
VULNERABLE COMMUNITIES
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• Disproportionate exposure: higher 
microplastic exposures due to proximity 
to pollution sources and limited access 
to clean water and air

• Increased Health Risks: Pre-existing 
conditions and limited healthcare access 
make these communities more 
vulnerable to adverse effects of 
microplastics



STATE OF THE SCIENCE & RESEARCH NEEDS - 
ENVIRONMENTAL
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“…while ecological risks are very rare at present 
for nano- and microplastics (NMPs), there are at 
least some locations in coastal waters and 
sediments where ecological risks might currently 
exist.”

“…a lot is already known about [NMPs], but some 
of the evidence remains uncertain and it is by its 
nature, complex (for instance, differences in size, 
shape, chemical additives, concentrations, 
measurements, fates, unknowns, human 
factors…)”

“…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.” 

SAPEA, Science Advice for Policy by European Academies, 2019

2019



STATE OF THE SCIENCE & RESEARCH NEEDS - 
ENVIRONMENTAL
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Derived thresholds values for two effects mechanisms: 
• Food dilution & tissue translocation 

High confidence
• Management framework & analytical approach

Relatively low confidence
• Derived thresholds values

• Particle characterization 
• Particle selection for hazard ID
• High quality toxicity tests – aquatic & sediment
• Understanding of ecologically relevant adverse 

effects

2022



HUMAN HEALTH - STATE OF THE SCIENCE
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HUMAN HEALTH - STATE OF THE SCIENCE
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2022

“…it was not possible to extrapolate 
a human–health-based threshold 
value for microplastics, which is 
largely due to concerns regarding 
the relative quality and reliability of 
current data, but also due to the 
inability to extrapolate data from 
studies using monodisperse plastic 
particles, such as polystyrene 
spheres to an environmentally 
relevant exposure of microplastics.”



HUMAN HEALTH - STATE OF THE SCIENCE
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2022

“…it was not possible to extrapolate 
a human–health-based threshold 
value for microplastics, which is 
largely due to concerns regarding 
the relative quality and reliability of 
current data, but also due to the 
inability to extrapolate data from 
studies using monodisperse plastic 
particles, such as polystyrene 
spheres to an environmentally 
relevant exposure of microplastics.”

2024



HUMAN HEALTH - RESEARCH NEEDS
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• Particle characterization: toxicology 
studies, monitoring studies, reference 
standards

• Uptake and fate: inhaled and ingested 
MPs

• Toxicology studies

• Quality-assured and suitable for 
risk assessment

• Exposures characterized

• Sampling & analysis standard 
methods: air, water, food, & 
beverages
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CURRENT MICROPLASTIC TEST MATERIALS ARE 
INSUFFICIENTLY REPRESENTATIVE

21

MOST COMMON 
MICROPLASTIC IN 

TOXICOLOGY STUDIES

Pre-formed purchased 
Polystyrene

Adapted from WHO, 2022



CURRENT MICROPLASTIC TEST MATERIALS ARE 
INSUFFICIENTLY REPRESENTATIVE
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MOST COMMON 
MICROPLASTIC IN 

TOXICOLOGY STUDIES

Pre-formed purchased 
Polystyrene

Adapted from WHO, 2022

Representative test materials needed to answer 
questions of health effects and risk of exposure 

with relevant data. 



WHAT IS BEING DONE TO CLOSE SCIENTIFIC GAPS
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INDUSTRY EFFORTS

*Microplastics Advanced Research and Innovation Initiative (MARII)

http://plasticscircularity.org/
microplastics/

https://plasticscircularity.org
/additives/#subsequent

source: ecoplus
source: EU Horizon 2020

source: EU Horizon 2020

source: ZonMw

http://plasticscircularity.org/microplastics/
http://plasticscircularity.org/microplastics/
https://plasticscircularity.org/additives/#subsequent
https://plasticscircularity.org/additives/#subsequent


WHAT IS BEING DONE TO CLOSE SCIENTIFIC GAPS
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INDUSTRY EFFORTS

*Microplastics Advanced Research and Innovation Initiative (MARII)

http://plasticscircularity.org/
microplastics/

https://plasticscircularity.org
/additives/#subsequent

Preventing pellet loss 

source: ecoplus
source: EU Horizon 2020

source: EU Horizon 2020

source: ZonMw

http://plasticscircularity.org/microplastics/
http://plasticscircularity.org/microplastics/
https://plasticscircularity.org/additives/#subsequent
https://plasticscircularity.org/additives/#subsequent


HOW ARE U.S., OTHER GOVERNMENTS ADDRESSING THE 
ISSUE?
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GOVERNMENT REPORTS PROVIDE INSIGHTS, DIRECTION



HOW ARE U.S., OTHER GOVERNMENTS ADDRESSING THE 
ISSUE?
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• Europe and California have enacted the 
majority of laws: initial focus on banning 
microbeads in cosmetics

• U.S. Microbead-Free Waters Act prohibits 
the manufacturing, packaging, and 
distribution of rinse-off cosmetics 
containing plastic microbeads

• Ongoing government action (local to 
national) focuses on research, 
measurement, and prevention/mitigation 
(e.g. filtration devices on washing 
machines)



HOW ARE U.S., OTHER GOVERNMENTS ADDRESSING THE 
ISSUE?
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IN THE U.S.: CALIFORNIA LEADING THE WAY

• First-ever comprehensive 
microplastics strategy in the 
nation

• Identifies early actions and 
research priorities to reduce 
microplastic pollution

• Provides guidance for 
addressing microplastic 
pollution in California's 
marine environments and 
assessing the risk to marine 
ecosystems, marine animals 
and humans

• World's first requirements 
for testing microplastics in 
drinking water sources

• Up to 30 of the CA's largest 
water providers are ordered 
to start quartely testing for 
two years



HOW IS THE U.S. ADDRESSING THE ISSUE?
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JULY 2024: FIRST U.S. FEDERAL PLASTIC STRATEGY 

• Responds to top recommendation of NASEM Reckoning 
with the U.S. Role in Global Ocean Plastic Waste report

• Identifies current federal action and potential actions at 
every stage of plastic lifecycle

• Microplastic focus: research, monitoring;  exploring 
reducing harmful emissions from plastic production

• Administration also sets new goal to phase out federal 
procurement of single-use plastics
• From food service operations, events, and packaging by 2027

• From all federal operations by 2035



U.S. FEDERAL AGENCIES' WORK ON MICROPLASTICS
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MICROPLASTICS & HEALTH
MICROPLASTIC MATERIALS, 

TECHNOLOGIES, AND 
MEASUREMENT

MICROPLASTICS PREVENTION & 
CLEAN-UP



MOVING FORWARD: 
A GLOBAL PLASTIC TREATY
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• Last negotiating meeting is November 25-
December 1 in Busan, Republic of Korea

• Intersessional work now is focusing on 
chemicals and products of concern. 

• Member states are concerned about health 
impacts of plastics and microplastics.

• A key focus is reducing production of certain 
harmful plastics and chemical additives.

• Microplastics are currently included in 
the treaty but scope and measures not yet 
clear.



CONCLUSIONS 
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➢ Microplastics, as a subset of microparticles, are a global challenge due to their ubiquitous 
environmental presence and resistance to degradation.

➢ Increasingly there are questions if microplastics cause human health-relevant effects.

➢ Additional science is needed to help us better understand sources in the environment and 
potential for exposure and health effects.

➢ Development and adoption of standardized methods and relevant materials to ensure quality 
data from research projects can be compared, replicated and fully utilized.

➢ Filling scientific gaps with data of sufficient quality for environmental and human health risk 
assessments is needed, especially for policy makers.

➢Regulatory criteria for action may differ based on legislative or administrative authorities.



PATH FORWARD
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➢ Prevent plastic environmental pollution using existing and innovative sustainable approaches
➢ Sector- and compartment-specific solutions may be needed

➢ Avoid regrettable substitutions or regrettable approaches

➢Collaboration is key
➢ Between subject matter experts: 

➢ Analytical (all possible exposure types), Polymer chemistry, Particle science, Toxicologists, Environmental fate, 
Environmental health, Biomonitoring, Medical 

➢ Between stakeholder groups: 

➢ Academics, Government, Industry (full value chain), NGOs, Consumers, Etc.

➢ Prioritize and fund this needed science (as we have seen other countries do)



THANK YOU

Margaret Spring: mspring@mbayaq.org

Robert Ellis-Hutchings: rellis-hutchings@dow.com
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