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Crabs Are Producing Nanoplastics That Could

Quickly Move Into the Seatood We Eat, Study
Finds

The research underscores growing concerns about how ultra-small plastic particles move through marine ecosystems and into foods

peopl relyon Should I Worry About
Source: Food & Wine (February 20, 2026) the Plastic in My Floss

and Toothbrush?

There’s evidence that dental products can shed microplastics.

ASK WELL

Even ‘microwave safe’ plastic containers
can release microplastics into meals, new

Experts break down the potential risks.

Source: New York Times (February 24, 2026)
study warns

Heat can trigger release of microplastics and nanoplastics as well as chemicals linked to hormone disruption, infertility
and certain cancers

Source: Independent (February 25, 2026)

‘A bombshell’: doubt cast on discovery of
microplastics throughout human body

Source: The Guardian (January 13, 2026)
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What does ‘emerging’ mean?
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CONTAMINANTS

Substances present in the environment for years or centuries
Environmental and health impacts only later understood

Regulated and monitored only after health risks are understood and regulation in place

Historical examples:
= Lead (Pb)
— First global contaminant
— Widespread use since classical times
— Emissions peaked during the Industrial Revolution
— Legacy issues: lead service line replacements still ongoing
= Arsenic (As)
— Used as pesticide as early as 900 AD (China)
— Long-term health impact recognized much later
— Eventually replaced by DDT

* Modern ‘emergence’: DDT
= Synthetized > 100 years ago

» Environmental impacts widely recognized after 1962
= Rachel Carson’s Silent Spring catalyzed regulatory change

e
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) Emerging Contaminants

* Recently detected compounds

* Non-standardized analytical methods

* Presentintrace amounts

 Potential for health risks
Advances in analytical methods
Not commonly monitored or regulated
Persistence in environmental media, bioaccumulative
Resistant to conventional treatment methods
Potential affects on waste management:

* Food waste * Compost
 Wastewater « MSW
e Biosolids e Leachate

* Recyclables e Landfill Gas
2026 Federation of New York Solid Waste Conference 4
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Categories

Per- and polyfluoroalkyl substances:
PFOA, PFOS, PFNA, PFHXA, & Co.

Microplastics and nanoparticles:
manufactured and/or degraded polymers, metal oxides, organic matter

Pharmaceuticals and Nutraceuticals:
regulated medicines, dietary supplements, functional foods

Personal Care Products: ‘;Q A

eXfO“antS) tOOthpaSte7 ﬁlm_forming’ sunscreens PER-AND POLYFLUOROALKYL MICROPLASTICS AND
. . . SUBSTANCES NANOPARTICLES
Flame retardants and disinfection byproducts —
Endocrine Disrupting Chemicals: ’Q ! 6
BlsphenOl A (BPA)) phthalates’ parabenS? & UV fllters PHARMACEUTICALS AND FLAME RETARDANTS
. . . PERSONAL CARE PRODUCTS AND DISINFECTION BYPRODUCTS

Agricultural and Industrial Chemicals: pm

P efe o B ...
pesticides, artificial sweeteners, and surfactants & “\ i
Biological Agents: ENDOCRINE DISRUPTING AGRICULTURAL AND

CHEMICALS INDUSTRIAL CHEMICALS

antibiotic-resistant bacteria, cyanotoxins, and viruses

o
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l Ps a graduating class of chemicals

* PFAS are no longer “emerging”
Decades of widespread use, global distribution, and documented environmental
persistence and regulations

* Health & Environmental risks are established
Scientific debate has largely shifted from whether PFAS are harmful to how they
should be managed

 Fate & Transport are well understood
Sources, pathways, and persistence mechanisms are broadly characterized across
environmental media

* Detection and regulation have caught up
Standardized analytical methods and enforceable regulatory frameworks are now
in place

* Treatment technologies exist - but are evolving
Proven options are available, with ongoing research focused on efficiency,
residuals, and cost

e
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l Microplastics vs Nanoparticles

MICROPLASTICS

= Synthetic polymer particles typically <5mm in size

* Primary microplastics - intentionally manufactured at small size, e.g., industrial
pellets, microbeads, abrasive media

= Secondary microplastics - formed by fragmentation or larger particles, e.g., textiles,
packaging, tires, geomembranes

»= Chemically divers: PE, PP, PET, PS, PVC, ABS, PUR, PA xx
* Physically heterogenous: fibers, fragments, films, spheres
» Ubiquitous in water, wastewater, soils, sediments, air, and biota

NANOPARTICLES

= Particles <100 nm, environmental nanoplastics often <1 um

» Engineered: TiO,, ZnO, Ag, Fe-oxides

* Incidental: combustion by-products, abrasion, wear, and degradation

* Unique surface chemistry and reactivity

= Greater potential for crossing biological membranes and interaction at cellular level

Microplastics & Nanoparticles can serve as vectors for other pollutants

il e —
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¢ m Estimated (2020/2023)
What makes up -

Micro Plastics? | M;‘;:(?,?gs oter Oceans 17.5 million tons

City Dust W ;@; . i,
ghoss a@ Soils 3.5 million tons

products,

Synthetic
Textiles

“ Painted lane lines  pjastic pellets

B o oo Total 21.0 million tons

Traffic arrows etc.

Shoe sole wear
Artifinial turf rithhar

Truck tires

Bus tres Synthetic Textiles Fibers shed during wear & washing 34.8%

Bicycle tires etc.

- g Fleece jackets,
_“FOR SCALE Yoga pants, .
LRl Polyester shirts,
Nylon leggings,
Microfiber cloths etc.

Tire Wear Abraded car and truck tires 28.3% 87.3%

City Dust Abraded materials 24.2%
Road Markings Paint and thermoplastics 7.0%
Marine Coatings  Paint and ship coatings 3.7%
Source: Personal Care Scrubs (removed) and toothpastes 2.0%
Primary Microplastics in the Oceans: a Global . .
Evaluation of the Sources, ICUN (2017) Plastic Pellets Lost during manufacture and transport 0.3%
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Dry Deposition (). [T)rerraTeck

* Lower deposition rate than wet deposition

Constant and persistent source

Dominant type
» Fiber, approx. 75% of total deposits
= Typically <25 pm

Atmospheric lifetime of 1um fiber: ~4 months

 Positive correlation with Location/Type

= Warmer, drier months Iran (remote, semi-arid) 200-600 particles/m?/day

= Urban areas Iran (urban) Up to 3,500 particles/m2/day
= Industrial activity China (urban) 114 (51-178) particles/m?/day
US (unspecified) 3.84x10°3 - 8.12x10* particles/m?/day

(Source: Abbasi and Turner, 2021)

e
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Why are Microplastics & Nanoparticles considered
Emerging Contaminants?
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* Increased detection due to advances in analytical methods
* Inconsistent analytical methods
No regulatory criteria, MCLs, or standardized methods

Uncertainty
= Toxicity at environmentally relevant concentrations
» Fate, transport, and transformation
= Human and ecological risk

Major challenges
= Measurement and identification
= Risk characterization
Treatment optimization
Validation and confirmation of results

Difficulty to distinguish engineered vs. incidental vs. natural particles
Potential frontier for environmental engineering and policy
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l Human Ingestion?

Plastic ingestion by humans could equate

to eating a credit card a week It took you
approximately

(Source: WWF, posted 12 June 2019)

to eat this
credit card

Multiple peer-reviewed papers
have refuted the estimate.

Tiny bits of plastic are in our food, water and air. L)
Find out how much plastic you eat at g

YOUR PLASTIC DTET.ORG

(Source: WWF, last accessed May 9, 2026)

o~ )

2026 Federation of New York Solid Waste Conference
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Overestimation of Microplastics from Lab Gloves

* Nitrile and latex gloves release Stearates
" |nitial detection in air samples

* Stearates
= Soap-like salt used in manufacturing
» Chemically similar to microplastics
= Visually indistinguishable from plastics like polyethylene

* Experimental data
= Approx. 2,000 false positives per mm? from glove contact

e Im plicati on Avoiding and Reducing Microplastic False Positives from
= Potentially invalidation ~ Dry Glove Contact .
Of Older datasets Authors: Madeline E Clough ‘® © , Eduardo Ochoa Rivera @ © , Abbygail M Ayala @ 2, Rebecca L Parham ®
8 | |Joseph Pennacchio B, Henry E Thurber @® 2 prof andrewpP ault @ 2 Dr. AmbujTewari @ & |, andDr.
Anne | McNeil ® = Authors Info & Affiliations Working Paper (February 2026)
0.26434/chemrxiv.10001858/v]

— https://doi.org/10.
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Wastewater Treatment Removal Efficiencies for
Microplastics and Nanoparticles
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Treatment Process Microplastics Engineered Nanoparticles

Primary Clarification 20-80% Variable / moderate

Secondary Clarification 80-95% 82-96%

Membrane Biological Reactor 90-99.9% >98% Notes:

Sand filtration ~99% Limited for <100 nm * Ranges from peer-

reviewed studies

Coagulation, Dissolved Air Floatation ~88-95% (with aid)  Aggregation-dependent ~ * Removal refers to
effluent reduction via

transfer to sludge or

Nanofiltration, Reverse Osmosis >95-99% >95% .
rejection

Microplastics and nanoparticles remain ‘emerging’ from a research, risk, and regulatory
perspective, but not from a treatment capability perspective
However, the challenge is transferred to waste management

e
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Particle Size and Removal Capabilities
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Microplastics & Nanoparticles:
Emerging - but Manageable
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Meet accepted definitions of Emerging Contaminants
= Evolving analytical methods
» No standardized regulatory criteria or enforceable limits
= Uncertainty remains regarding toxicity at environmentally relevant concentrations

» Fate, transport, and long-term ecological and human health risks are still being
resolved

However, can reliably be removed with existing technology
» Conventional and advanced wastewater processes achieve high removal efficiencies
= Advanced processes routinely achieve removal >>90%
* Primary and secondary treatment transfer most particles to sludge
* Removal performance is consistent and well documented in peer-reviewed studies
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66 e
l D efinition Pharmaceuticals vs Nutraceuticals -(=f§f):

Pharmaceuticals Nutraceuticals

* Synthetic or naturally derived * Bioactive compounds found in
compounds designed to diagnose, dietary supplements, fortified
treat, or prevent disease foods, and functional food

* Enter the environment through production
wastewater, manufacturing waste,  « Often formulated similar to
and leachate pharmaceuticals

* Many compounds persist through conventional wastewater treatment
* Detected in wastewater, biosolids, and effluent

* Lacking standardized monitoring

* Ecological impacts are documented in peer-reviewed literature

* Environmental/health |mpacts remain poorly characterized
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Effects of Pharma- and Nutraceuticals on the
Environment
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* Persistence in aquatic systems
resistance to biodegradation due to stable molecular structures

 Ecotoxicity to aquatic organisms
exert toxic effects on fish, algae, invertebrates and other aquatic species
even at very low concentrations

* Endocrine disruption
hormonal pharmaceuticals can cause feminization, reproductive changes,

and intersex conditions in aquatic species

* Bioaccumulation and food web impacts
bioaccumulative in aquatic organisms, creating trophic-level transfer risks,
and ecosystem instability

* Transformation products with unknown toxicity
undergo abiotic and biotic transformation, creating metabolites with
unknown ecologlcal effects that can exceed those of parent compounds

il e —
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* Flame retardants

chemical additives used to reduce flammability in plastics, electronics, textiles, insulation,
and building materials

 Common classes

polybrominated diphenyl ethers (PBDE), hexabromocyclododecane (HBCD), and
tetrabromobisphenol A (TBBPA)
emerging replacement organophosphate flame retardant (OPFR)

* Emerging Contaminants?
= Persistent, bioaccumulative, and toxic
» Continuous replacement (“regrettable substitution”) with less-studied alternatives

* Relevance to Solid Waste Management
present in consumer product, C&D debris, industrial waste

* Waste-to-Energy
potential generation of brominated or chlorinated products
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Flame Retardance: Pathways in Landfills & Leachate

Release mechanisms

* Migration via weathering, fragmentation, and diffusion

e Continuous release of unbound, additive chemicals

* Multi-decade release due to slow degradation

Leachate Transport

* Primary off-site transport vector

* Hydrophobic flame retardants sorb to organic matter

* Organo-phosphate flame retardants remain dissolved =» mobility
Implication

* Leachate drives redistribution to wastewater systems
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l Flame Retardance: Treatment & Residuals

POTW Pathways

 Limited removal by conventional WWTPs

* Partitioning to effluent and biosolids

* Multi-decade release due to slow degradation

WTE

* Brominated flame retardants can form dioxins and furans
 Residuals concentrated in bottom and fly ashes
Implication

* Transfer between media by treatment, not destruction
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Flame Retardance: Recycling, Land, and Air

Recycling Streams

* Flame retardant contamination in plastics limits reuse
* Downcycling creates circular contamination loops
Land Application

* Biosolids lead to soil accumulation

 Potential run-off to surface waters

Air & Dust

* Released during shredding and handling

* Worker exposure and wind-blown dust

Implication

* Multiple secondary pathways extend
environmental footprint

— il B
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Personal Care Products

* Microbeads, Primary Microplastics
additives for exfoliation and cleansing in scrubs and facial washes

» Secondary Microplastics
formed when larger plastic-based materials (e.g., film-formers,
packaging residue) degrade

* Nanoparticles
additives in sunscreens and toothpastes (TiO,, ZnO)

* Product stability
preservatives, parabens, silicones

Reminder: PCP accounts for 2% of micro- & nanoparticles
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l Industry Commitment

Voluntary Industry Action

 Members of the Personal Care Products Council have proactively
committed to eliminate plastic microbeads from rinse-off products
» US industry phase-outin 2014
» European industry followed in 2015

* Phase-out commitments ahead of legal bans
* Microbead-free Waters Act (2015), effective July 1, 2017
» California extended the ban to leave-on PCP and plastic glitter (AB823, 2025/6)

* Transition to natural alternatives

beeswax, rice bran wax, jojoba waxes, plant-derived starches,
seaweed, silica, and clay
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Disinfection By-products
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* Why “emerging” in solid waste & wastewater contexts Expanding analyte lists; many N-DBPs
and iodinated species lack routine monitoring methods and enforceable limits.

" Precursors are widespread (industrial organics, pharmaceuticals, personal care & quaternary amines) and can
concentrate in leachate, recycle streams, and sidewaters.

* Sources & pathways relevant to Potable water & wastewater facilities
" DBPs at point of use.

* WWTP influent/effluent and biosolids carry precursors and formed DBPs;

" sidestream disinfection can generate N-DBPs.

* Landfill leachate with elevated bromide/iodide + onsite chlorination — halogenated DBP
formation; offsite co-treatment at POTWs can further transform species.

* Risk & toxicological signals Many requlated THMs/HAAs have established MCLs; several
unregulated N-DBPs exhibit higher genotoxicity in cell assays—driving precautionary control and
monitoring.

* Analytical considerations Targeted methods for THMs/HAAs are mature; newer methods for
NDMA, iodinated/ brominated species, and non-target HRMS screening are increasingly used in
leachate & wastewater matrices.
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Disinfection By-products:
Mitigation Strategies
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* Process interactions/Precursors management: o .
Reduce organic nitrogen (e.g., amines), bromide and iodide where feasible.

* Disinfection choices: Chloramination, chlorination, ozonation, and UV/H,0; shift DBP
speciation; ammonia, chlorine dose, pH, and contact time are key control parameters

* Downstream fate: Adsorption to GAC, biodegradation, air stripping (for volatile THMs), and
transformation during advanced treatment; residuals can partition to sludge.

* Operational strategies Implement source control .
iIndustrial pretreatment; product selection to limit quaternary amines.

* Optimize disinfection (CT targets, pH control, breakpoint chlorination, ammonia control for
chloramines).

* Add polishing where needed (GAC, biologically active filtration, UV/H,0,); evaluate cost vs.
risk for leachate management.

* Establish a tiered monitoring plan: start with THMs/HAAs + NDMA; add targeted N-DBPs
and non-target screening for investigations.

* Regulatory & horizon scanning Current drinking-water rules address select THMs/HAAs;
watch for evolving guidance on NDMA/N-DBPs and bromate/chlorate in reuse, leachate
co-treatment, and biosolids management.

e —
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l New Regulatory Methods for Water o [T reTRa TecH

Name _________________|EPAMethod Status_

Per- and Polyfluoroalkyl Substances Compounds 1633 Final
Adsorbable Organic Fluorine in Water 1621 Final
N-Phenyl-P-Phenylenediamine Quinone in Water 1634 Draft
Per- and Polyfluoroalkyl Substances in Drinking Water 534 Draft
209 Polychlorinated Biphenyl (PCB) Congeners in Water 1628 Final

Ethyl Carbamate (Urethane) and N-Methyl-2-pyrrolidone in

e . 558 Draft
Drinking and Ambient Water h

Glyphosate, Endothall, Aminomethylphosphonic Acid, and

' i T 561 Draft
Glufosinate in Drinking Water ra
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PFAS

Microplastics and Nanoparticles
Pharma- and Nutraceuticals
Personal Care Products

Flame Retardants

Disinfection By-products
Endocrine Disruptors Y
Agricultural and Industrial Chemicals Y

Biological Agents Y
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Pathways in the Environment
for Contaminants of Concern
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Summary & Conclusions

Take-aways

* Progress of science will lead to new discoveries

* Consume press releases by universities and NGOs with skepticism
* Consumer choices affect product development

Key Take-aways

 Extraordinary claims require extraordinary proofs
* Concentration # Mass

* Critical thinking & understanding of science is key
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