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Agencies Need Evidence to Make Decisions...

"the absence of evidence of ‘humans have ingested microplastics and
microplastics risks currently does other particles in the environment for
not allow one to conclude that risk decades with no related indication of adverse
is either present or absent with health effects’ and that there is ‘no evidence
sufficient certainty.’ to indicate a human health concern.’

- SAPEA (2019) - WHO (2019)
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) Check for updates The emergence of microplastics: charting the path
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The Great Pacific Microplastics Publication Gyre
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Nanna B. Hartmann; David Mennekes; Martin Wagner (2026). “Lost in a Sea of Information: The Microplastics Publication Deluge”
Environmental Science & Technology



More data is great!

...But we have to interpret it in a way that can withstand
the legal hurdles that regulatory agencies will face.

Data
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The Path Forward: e T e [ e
e Data-driven models; ‘, t o ‘, . & ‘. 5 ‘ § )
* Effective & inclusive g LN » NI » F
coordination ( e (. e (J —
T [ ¥ & \ I N

i al,

Figure from Nanna B. Hartmann; David Mennekes; Martin Wagner
(2026). “Lost in a Sea of Information: The Microplastics Publication
Deluge”. Environmental Science & Technology
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ﬁ%éECT.N California Senate Bill 1263 (2018)

COUNCIL

e |[nitiate Statewide Microplastics Strategy

e Develop risk assessment framework

e Develop standardized methods

e Establish baseline occurrence data

e [nvestigate sources and pathways

e Recommend source reduction strategies




2-Track Statewide I\/Ilcrop\astlcs Strategv

Track 1: Solutions

o POIIUtion Prevention Understanding Fis ing Impacts to Protect Co aiola lec._‘H alth “'

ey
T, ""'b

Statew

Eliminate plastic waste at the source

* Pathway Interventions
Intervene with the mobilization of
microplastics into CA waters

*Qutreach & Education
Inform public of microplastics sources,
Impacts, solutions

February 2022

OCEAN
PROTECTION
COUNCIL

@ OEHHA California Ocean Protection Council. (2022) Statewide Microplastics Strategy.



Track 2: Science to Inform Future Actlon

Momtormg

Risk Thresholds &
Assessment

Microplastic particle inside

nspecified hyd z (North
P cific Gy ) Moo I stitute for
i rch /Burney, J.

Prioritization

@ OEHHA California Ocean Protection Council. (2022) Statewide Microplastics Strategy.



eStandard method
e Accredit laboratories

Deadlines




California Senate Bill 1147 (2024)
Microplastics in Drinking Water and Bottled Water

 OEHHA shall study health effects of microplastics in drinking and bottled water
 OEHHA to provide biennial status update reports on findings

* Following OEHHA's report, State Water Resources Control Board may request
OEHHA develop a Public Health Goal for microplastics in drinking water

\ A Public Health Goal is the level of a chemical contaminant in
drinking water that does not pose a significant risk to health.

2 OEHHA

t " California Office of Environmental W t B d
Health Hazard Assessment aeroars




2020 —2022: Human & Ecological Health Effects Workshop

Q Dose Metrics

ﬁa Particle Characteristics
@ Threshold Framework

Adverse Effects

Health Effects
Workshop




Microplastic Hazards

Chemica

OH

HO

Stock, V. et al. (2019) ‘Uptake and effects of Jeon, S. et al. (2021) 'The reactive oxygen species Bisphenol A
orally ingested polystyrene microplastic particles as pathogenic factors of fragmented microplastics to
in vitro and in vivo’, Archives of Toxicology. macrophages’, Environmental Pollution.



Physical Effects of Microplastics

Entanglement Food Dilution

Plymouth Mari ry == ‘ - Chris
Internal Lacerations Cellular Toxicity

Marcus Eriksen



Mammalian Toxicity Study Screening

Ingestion-based in vivo mammalian microplastics toxicity studies

(n = 29)

Particle
Characterization

Risk Assessment
Applicability

Fit for purpose studies
(n=12)
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Expert review

Microplastic
and |
Nanoplastics
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@ Springer Open

Coffin, Bouwmeester, Brander, Damdimopoulou,
Gouin, Hermabessiere, Khan, Koelmans, Lemieux,
Teerds, Wagner, Weisberg, Wright ‘Development and
application of a health-based framework for informing
regulatory action in relation to exposure of
microplastic particles in California drinking water’,
Microplastics and Nanoplastics (2022).



Dose-Response Assessment of Reliable Endpoints

Anti-Millerian Hormone Concentration
Sperm Count

Body Weight

Testosterone Concentration 7
Sperm Deformity -

Sperm Motility -

Sperm DNA damage 7

Sperm Maturity 7

Luteinizing hormone Concentration

Follicle Stimulating Hormone Concentration
Sperm Viability -

Liver Index -
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POD Derivation Method

® BMD
B NOAEL
A | OAEL

point of departures (PODs)
derived using EPA’s BMDS;
Error bars = 95% CI BMD

Coffin, Bouwmeester, Brander, Damdimopoulou, Gouin, Hermabessiere, Khan, Koelmans, Lemieux, Teerds, Wagner, Weisberg, Wright
‘Development and application of a health-based framework for informing regulatory action in relation to exposure of microplastic particles in

California drinking water’, Microplastics and Nanoplastics (2022).



2022: Highly Uncertain Drinking Water Health Thresholds

Relative Source Contribution - I >—|

Endpoints (mass-based TRM for all)

Drinking Water Intake - |—f
—

91 particles/L

Benchmark Dose -

Alignment metric (e.g. mass, specific surface-area) -

Alignment distribution values - +

Aligned screening level (all endpoints and TRMs) - | = I

16“ 16’ 1:::“’
Aligned Screening Levels (Particles/L)

One-at-a-time sensitivity analysis factor

Coffin et al. (2022). Microplastics & Nanoplastics.



Inhalation
Microplastics can become
airborne from the wear and tear of

Hair plastic items and synthetic

3.5 MP/individual/day textiles, leading to inhalation

95

® ° i (91)
M I c ro a St I C S Saliva Dietary Intake
0.33 MP/individual/day Microplastics are found in seafood, (=)
(95) salt, beer, honey, and both tap and U
bottled water, among other food
(] Sputum and beverage products (87, 91)
1.86-9.78 MP/ml
(96)
Lung

Blood 0.69+0.8 MP/g

1.6 pg/ml (105)
(99)

i Bronchoalveolar lavage fluid

Breast milk 0.0918 £ 0.0245 MP/ml|
20.2 MP/g (104)
(101)

Liver Spleen*
3.2 Mpfﬂ 1.0 MP/g

[ 100
(100) . (100)
I n u m a n Kidney* Dermal absorption
0-0.2MP/g Microplastics are present in
(100) various consumer products,
including cosmetics and personal

Colon care items, leading 1o potential

ingestion or skin contact (91) (C— ) =

28.1 £ 15.4 MP/g

Bodies

Meconium
Placenta 54.1 MP/g
(98, 101, 103) (

U Feces
1-41.8 MP
3.33-13.99 pg/g

(97, 107, 108)

Saphenous “J
vein tissue

499 +17.18 MP/g

(102)

Thompson, et al. (2024). “Twenty years of microplastics pollution research—what have we learned?” Science.
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Wide variability
AND
uncertainties
remain for
human exposure
<] | || characterization

| &»

Estimated Daily Intake
(particles/kg-bw-day)

@ OEHHA Hayder et al. (2026). Journal of Hazardous Materials. “Exposure to microplastics from
food: Comparative analysis of food types and quantification techniques”



2022: Inadequate Data to Derive Regulatory Levels

Effects database inadequate
* poor particle characterization
* limited polymers, shapes, sizes tested

Uncertain Effect Mechanisms
* necessary for extrapolation to diverse particle types

Incomplete exposure data

* [imited food data
* no harmonized drinking water data

Coffin et al (2022), Microplastics and Nanoplastics;
State Water Board’s policy handbook: waterboards.ca.gov/drinking_water/certlic/drinkingwater/docs/2022/mp-hndbk.pdf



lterative Monitoring Approach in Drinking Water

Phase Two

e Additional systems

Pilot Phase

e Sampling method Treated wat
e Treated waters

comparison
. findi 2026 2028 2030 e Tiered monitorin
Range-finding g
e Sample training / /
Interim Interim
2023

Dates subject to change. Source: waterboards.ca.gov/mp-hndbk




Cdalifornia’s Inter-Lab Validation Study
Two Methods

26 Laboratories
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Standardized Methods Available for Accreditation

%
4

Environmental Laboratory Accreditation Program
STATE WATER RESOURCES CONTROL BOARD

SWB-MP1-Rev1 (FTIR)
SWB-MP2-Rev1 (Raman)

Accreditor 'Training at

waterboards.ca.gov/drinking_water/certlic/drinkingwater/microplastics Moore Institute for Plastic Pollution Research
(April, 2022)



Regulatory monitoring data must be interoperable...

...but microplastics are very diverse

o N
-~ ~

Primpke et al. (2018). Analytical and Bioanalytical Chemistry

14

polymer cluster

rubber 3

coal

charcoal

rubber 2

rubber 1
acrylonitrile-butadiene
polybutadiene
polyoxymethylene
polyimide
ethylene-vinyl-acetate
polycaprolactone
polylactide acide
polyisoprene chlorinated
chitin

polychloroprene
polyetheretherketon
polysulfone

sand

plant fibres

animal fur
acrylates/PUR/varnish
polyester

nitrile rubber

cellulose chemical modified
polyvinylchloride
polyamide
polycarbonate
polystyrene
polypropylene
polyethylene-chlorinated
polyethylene oxidized
polyethylene



One4All:
An Open-Source
Harmonization

aPortal & Database

Sherrod et al. (2024).
Journal of Open Source Software

Water Boards
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Additional Considerations for
Microplastics Risk Assessments

OH

HC

Jeon, S. et al. (2021) ‘The reactive oxygen species
as pathogenic factors of fragmented microplastics
to macrophages’, Environmental Pollution.

Bisphenol A

Biological Chemical



Plastic Contains Many Hazardous Chemicals

and Chemicals with No Toxicity Data
R

. Globally regulated

* >10,000 additives Not regulated

. Chemicals of concemn

* > 4,200 of concern Less hazardous
Not hazardous

. Under development

No data

10,726

* 6% globally regulated

Monclus, Arp, Groh, Faltynkova, Laseth, Muncke, Wang, Wolf, Zimmermann & Wagner (2025)
‘Mapping the Complexity of Plastics’, Nature.



2026: Advanced Chemical Toxicity Prediction with
Quantitative Structure Activity Response Modelling

reproductive/developmental toxicity
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Borries et al. (2026). “Uncertainty-aware machine learning to predict non-cancer human toxicity for the global chemicals market.”
Nature Communications.



Microplastics + Chemical Toxicokinetic Models Available

Exposure External Exposure Data for TRMx Internal Exposure Data for TRMx Effect Assessment
Modeling of TRMx for TRMx
Air — ‘m,
. !:-a-l-e ------ (’- ------- > -““'a‘ p 4 clesrance | inhalation
1: Transport ~ Exposure wfi UL . o4/ : ‘A ;
T Food PDIFs J T
..... FELTTrD S e
; «® ||/ \ > 3

. i Water caplllary
§ . % capillary CE OO
.. . ... . » @ "

42 - capillary

PDFs . ,
QA/QC screening QA/QC screening

Toxic Fully aligned
effect  Risk Characterization
for TRMx

Distribution Curve

50%

Probability

EDgy TDso [TRMx]
Concentration of TRMx in the human body

Wardani et al. (2024). Environment International



Future Framework:
Cumulative Risk Assessment Considering “Trojan Horse Effect”
| l'l‘

The “Trojan horse effect” of o I
microplastics and
environmental contaminants

in the intestine
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Hu et al. (2022). Journal of Hazardous Materials



Commercial MP # Environmental MP

Environmental MP
Non-spherical

Commercial Microsphere
Spherical

Surface Charge =

Ecocorona

Contaminants

Microbial
Colonization

(=]
0. .
° Toxins
.0
o

Surfactants

Additive Chemicals
Morgan et al. (2025). Understanding Human Health Impacts following Microplastic Exposure
Necessitates Standardized Protocols Current Protocols.



Models Should Consider Eco-corona Effects on

Toxicodynamics & Toxicokinetics

B Electrostatic ~ HYdrophobic

O repulsion interaction
b Pristine M/NPs Eco-corona =t O :::::Ltt
1 coated M/NPs —OO_ I

Incresase sunlight

. - Antioxidant CAT
intensity and

enzymes n )
photosynthesis E:‘. pﬁﬁ O
efficiency |‘>@ Protect
organelles and
SOD ., reduce ROS
L generation
o'
Increase Activation of @
chlorophyll immune response o ®
generation and oxidative stress O

genes

Yang et al. (2025). Water



Towards a Regulatory-Ready Microplastics
Risk Assessment Framework

MOMENTUM (2025)
AURORA (Christopher 2024) Absent

POLYRISK (Vogel 2024)

<N CalEPA Qualitative

o/ s PLASTICHEAL (Hansen 2023)

\b SCCWRP (Coffin et al. 2022)
MICROPLASTICLAB (Koelmans 2017-2025) --
.,3%

e

- Quantitative
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Koelmans, Bouwmeester, Christopher, Coffin, Haase, Lane, Legler, Vermeulen, Visser, Vogel, Wardani & Zou (2026). Towards
regulatory readiness: evaluating frameworks for microplastic health risk assessment. Microplastics & Nanoplastics.



OEHHA's Planned Research on Microplastics
(2026 to 2028)

* Drinking & bottled water MNP monitoring
» Systematic literature review (tox + exp)
* Updated risk assessment framework

« Hazard & risk characterization -> thresholds

Q& OEHHA 50




Toxicity of Microplastics Explorer 2.0

Welcome to the Toxicity of Microplastics Explorer 2.0,
Aquatic Organisms Database!

Toxicity of Microplastics Explorer 2.0

The Toxicity of Microplastics Explorer 2.0 (ToMEx 2.0) is a major expansion of the orginal ToMEx database coordinated by SCCWRP through a
four-part virtual workshop series of more than 60 researchers from 14 different nations.

Logo created by J.C. Leapman. /W 4

A Welcome ~
Disclaimer: When using ToMEx 2.0, it is highly recommended that underlying data are carefully scrutinized before finalizing analyses
& iew N or drawing major conclusions.
' kY Data Analysis & . . . e o
il ici 1 < " - ?

Q Search - Toxicity Data Visualization What is the Microplastics Toxicity Database
= This database is a repository for microplastics toxicity data for the California Microplastics Health Effects Workshop.
= Exploration

"ﬂ H [:I This web application allows users to explore toxicity data using an intuitive interface while retaining the diversity and complexity inherent to
® 55D ) D microplastics. Data is extracted from existing, peer-reviewed manuscripts containing toxicity data pertaining to microplastics.

{ Risk Assessment & ] — Afull length description of the ToMEx 1.0 database and web application is published in Microplastics and Nanoplastics . To access the open

® Screening Future Research access manuscript, click here.

Use the side panel on the left of the page to navigate to each section. Each section provides different information or data visualization options.

H Calculators & 9 . y More specific instructions may be found within each section.
o

@) Predictions

(3 Resour

[+ 0] bmission

oy Why was the Microplastics Toxicity Database and Web Application created?
The database and application tools have been created for use by the participants of the Microplastics Health Effects Workshop.The purpose of this workshop is to identify the most sensitive and biologically critical endpoints associated with
microplastics exposure, prioritize which microplastics characteristics (e.g., size, shape, polymer) that are of greatest biological concern, and identify critical thresholds for each at which those biological effects become pronounced. Workshop
participants will also make reccomendations for future research investments. Workshop findings will be published in a special issue of Microplastics and Nanoplastics . These findings will be used directly by the state of California to fulfill legislative

& Human Health mandates regarding the management of microplastics in drinking water and the aquatic environment.

@ ToMEX is at microplastics.sccwrp.org




Crowd-Sourcing TOMEx 2.0 Update

' 0..0
67 . ¢ '
Contributors )
from 14
Countries

THEET T 11

Thornton-Hampton et al. “The Toxicity of Microplastics Explorer (TOMEXx) 2.0”. 2025



Human ToMEx1.0 | ToMEx 2.0
Health Total.Nu.mber of e ——

Publications

H aZa rd Particle Only 54
Database Chemical Co-Exposure 7

Chemical Transfer -

_ eachate -
Data Points
‘,;a!’ N vivo data

' ,,,, Al I vitro data
@é} 3l Species Represented

Thornton-Hampton et al. “The Toxicity of Microplastics Explorer (TOMEXx) 2.0”. 2025



ToMEXx 1.0 ToMEXx 2.0

Total Number of Publications 162 287
Particle Only 155 276
Chemical Co-Exposure 12 35
Chemical Transfer 8 18
Leachate 10 13
Data Points 5,871 12,912
Acute data 3,462 8,035
Chronic data 2,409 4,869
In vivo data 5,829 12,436
In vitro data 42 404
Species Represented 109 161
Freshwater species 40 65
Marine species 69 98

allOpPIa
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Assessing Ecological Risk of Microplastics




Laboratory
Effect Studies

- (monodisperse pristine,
[often] unknown addltlves)

! Enwronmental
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Size Bins
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== 1-100 ym
== 100 - 1,000 um
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Paﬂerns Do Not Allg

Thornton Hampton, et al. (2022). “Research recommendations to better understand the potential health
impacts of microplastics to humans and aquatic ecosystems.” Microplastics and Nanoplastics.
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Effect-Based Alignments with
Ecologically-Relevant Metrics

Food Dilution Tissue Translocation

Exposure metric: Volume Exposure metric: Surface area
Bioavailability: Ingestible sizes Bioavailability: Translocatable sizes

Koelmans, A A. et al. (2017) ‘Risks of Plastic Debris: Unravelling Fact, Opinion, Perception, and Belief’, Environmental Science & Technology.
de Ruijter, V.N. et al. (2020) ‘Quality criteria for microplastic effect studies in the context of risk assessment: A critical review’, Environmental Science & Technology



Aligning Effect Data: In a Nutshell

Imagine an effect threshold in Now calculate how many
the lab of 4 particles/L, translocatable environmental
Calculate the translocatable | particles would have that same
surface area of the 4 particles surface area,

while that diversity is defined
O via realistic distributions

Q@ O O)%e

Koelmans ef al, ES&T, 2020




Critical Review - £
High weight of evidence for §&\.

W

food dilution causing effects . "N\
in NnUMerous organism  fEges

de Ruijter, V.N. et al. (2020) ‘Quality criteria for microplastic :,.}-',; N 4
effect studies in the context of risk assessment: A critical wr
review’, Environmental Science & Technology.

Plastic found in 90/91 Laysan =-n-:=f: \
Albatross in Hawaii (1969) * &

- ¥
i

Kenyon, and Kridler (1969) ‘Laysan Albatrosses
Swallow Indigestible Matter’, The Auk.



Longest ingested plastic (mm)

1000 +

100 +

10 +

0.1+

Animal body length (mm)

Ingestible
Plastic Size
Predicted by
Body Length

Jams,. et al. (2020) ‘Estimating the size
distribution of plastics ingested by
animals’, Nature Communications.



Restrict Alignment to Bioaccessible Particles

Plastic < . -
Continuum < Species-specific
2 bioaccessibilities
1 10 p.mu - ”‘I.OO um .
. . Ingestion
. Ingestion and Translocation
Csoﬁiﬁ'fjm [ooplankton }
Daphnia o

Adapted from Koelmans, et al. (2022) ‘Risk assessment of microplastic particles’, Nature Reviews Materials.



Alisnment with Ecologically Relevant Metrics

Environmental Microplastics Lab Studies
 polydisperse monodisperse
A T i _ XyL — XL

‘ s li(x) =Cx 2 In (i—ﬁ')

y XyL

f P(x)dx =1 _ In (x_u)

- ST ErT

7 CEpeqs = Lyib ~ Livf w, = ¢ iz-e — Lz &
A A |
_l-a T ox, ™
ﬂx,pa!y B 2= ay x;;ax = x::;ax Koelmans, et al. (2020)

‘Solving the non-alignment of methods
and approaches used in microplastic

research in order to consistently
characterize risk’, Environmental Science
& Technology.

ECpoty X Uxpoly = ECmono X Hxmono



Eco-Toxicity Thresholds Derivation

Coffin et al. (2026). in vivo aquatic microplastics toxicity studies

“A Comprehensive Probabilistic (n = 287 studies; 168 species; 12,878 data points)
Framework for Deriving Microplastic

Hazard Thresholds: Development and _ il _

Application to Marine and Freshwater < Charzac[telcr:ilzeation ) ——

Ecosystems with ToMEXx 2.0 Data.” PRick Assessment )
Journal of Hazardous Materials.

Fit for purpose studies
T5MEx 2.0 (n = 58 studies; 44 species; 398 data points)

= SR e o ! !

Alignment (Food Dilution, Tissue Translocation)

'




Ecosystem Modelling with Species Sensitivity Distributions

/ﬁeast
Hydra attenuata
— |

100% - oy
’ Sensitive
Parvocalanus crassirostris Species
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1) Tigriopus japonicus
Q0 a Fish
3 Pinctada margaritifer « Mollusca
Q. -
25% Crepidula ony 2 Rotifera
Most Tripneustes gratilla™®
. L
Sensitive D{h"'a BuleX AAmphibalanus amphitrite
Species 0% - oryzias melastigma

Microplastics Concentration

Mehinto, Coffin, Koelmans, Brander, Wagner, Thornton Hampton, Burton, Miller, Gouin, Weisberg & Rochman. ‘Risk-
based management framework for microplastics in aquatic ecosystems’, Microplastics and Nanoplastics (2022)



Probabilistic Alighments with Monte-Carlo

Compartment-Specific Particle Characteristics Organism Characteristics
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Coffin, Bertrand, Ahmed, de Souza Leite, Cowger, Sifia, Barrick ,Kukkola, Carney Almroth, Miller ,Yeh, Kennedy, Mair. “A Comprehensive Probabilistic Framework for Deriving
Microplastic Hazard Thresholds: Development and Application to Marine and Freshwater Ecosystems with TOMEx 2.0 Data.” Microplastics & Nanoplastics (2026).



"Probabilistic Species Sensitivity Distribution ++”
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Microplastic Hazard Thresholds: Development and Application to Marine and Freshwater Ecosystems with TOMEXx 2.0 Data.” Microplastics & Nanoplastics (2026).



PSSD++ Accounts for Variabilities & Uncertainties

Marine Freshwater
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pSSD++s for Marine & Freshwater x ERMs

Marine Freshwater

S 1.0 1.0
" — = - Daphnia magna
"5 08 | Hydra arfenuara___\ : | Tripneustes gratilla ] 1—': 08 @] ®
0 ( o Hyalella azteca
o L Paracentrotus HWO'US} : [My[;jus gaﬁoprownc;a;‘;s J E
— : _ O -Dan o rerio
n 06 Strombidium sulcatum E_ 0.6 — o e
c —_— P T g { Daphnia pulex
E 0.4 | Tigriopus fu.’vus| [Tign’opus japom’cusj = 0.4 -
- e Ty o I S i S w + -LMoma macrocopa
@ Parvocalanus crassirosm‘sb [Pmctada margaritifera } = - _
S 02 E 02
Oryzias melastigma e (1 "
8 > { } O L o \Ceriodaphnia dubia J Organ]sm Group
= 00 (Pseudechinus huttoni | 0.0
-5 0 5 10 15 -5 0 5 10 d Algae Crustacea
10 10 10 10 10 10 10 10 10 10 0 9 0
(} Cnidaria (J Echinoderm
1.0 Hydra artenuara] 1.0 D :
x ; ' . ' ) Fish |} Rotifera
Strombidium su!carum] [ W ) s bbb i g
c 0.8 Tigriopus japonicus = 0.8 - - -
.9 Parvocalanus crass;ros!rrs] . % {J Mollusca 0 Ciliophora
e | i L | Tripneustes gratilla } O — - ] ®
= 06 | Paracentrotus lividus { } g 0.6 | Hyalelta azteca] ; :
o - Mytilus galloprovincialis e o
) = Daphnia pulex
(ﬁ
Q | Tigriopus fulvus ] _ 8 ® [ - P ]
-8 0.4 Crepidula onyx E 0.4 & = (Cer'ﬁ'odaphnfa dubia |
: : =2
uo_ 0 [Oryzxas melastigma } g 0 ) { Moina macrocopa J
[P:’ncrada margaritifera ] @) Oryzias latipes
0.0 [Pseudecmﬂus huttoni } 0.0
=5 0 5 10 15 =5 0 5 10
10 10 10 10 10 10 10 10 10
NOEC (particles/L [1 to 5,000 ym]) NOEC (particles/L [1 to 5,000 ym])

Coffin, Bertrand, Ahmed, de Souza Leite, Cowger, Sifia, Barrick ,Kukkola, Carney Almroth, Miller ,Yeh, Kennedy, Mair. “A Comprehensive Probabilistic Framework for Deriving
Microplastic Hazard Thresholds: Development and Application to Marine and Freshwater Ecosystems with TOMEXx 2.0 Data.” Microplastics & Nanoplastics (2026).



pSSD++ Available as an R Package on Github

ToMEx 2.0

— pSSD++ —L

GitHub
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Thornton Hampton et al. (2022). Microplastics & Nanoplastics




Particles used in Tox Studies Very Different than in the Environment
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Ecological Risk Assessment: Room for Improvement

Account for additional physicochemical particle features that influence toxicit
(e.g., fibrous shape, biofouling, eco-corona, zeta potential, etc.)

Integrate chemical- and pathogen-induced risks
Account for differences in water column species <-> particle interactions
Environmentally-realistic particle exposures needed

Account for entanglement, lacerations

Plymouth
Marine
Laboratory

Coffin, Bertrand, Ahmed, de Souza Leite, Cowger, Sifia, Barrick ,Kukkola, Carney Almroth, Miller ,Yeh, Kennedy, Mair. “A Comprehensive Probabilistic Framework for Deriving
Microplastic Hazard Thresholds: Development and Application to Marine and Freshwater Ecosystems with TOMEXx 2.0 Data.” Microplastics & Nanoplastics (2026).



Characterizing Ecological Risks in
San Francisco Bay, California

Photos: Erika Delemarre




Risk Characterization Requires Particle Size Rescalin
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Kooi, M. et al. (2021) ‘Characterizing the multidimensionality of microplastics across environmental compartments’, Water Research.



Microplastics Analysis (was / can still be)
Extremely Time-Consuming




Spectroscopic Subsampling Used to Confirm Plastic

SF Bay Monitoring Data from Zhu, X. et al. (2021) ‘Holistic Assessment of Microplastics and Other Anthropogenic Microdebris in an
Urban Bay Sheds Light on Their Sources and Fate’, ACS ES&T Water.
Images from Schymanski, D. et al. (2021) ‘Analysis of microplastics in drinking water and other clean water samples with micro-Raman
and micro-infrared spectroscopy: minimum requirements and best practice guidelines’, Analytical and Bioanalytical Chemistry



Fibers May Slip
Through Nets




Data Cleanup
and Systematic
Bias Corrections

Manta Trawl Fiber Bias . . Plastic Subsampling
: Size-based Rescaling )
Correction Factor Fraction
) (measured lengths)
(particle counts) (spectroscopy)

Corrected- and Aligned- Aligned microplastics
Microplastics concentrations hazard thresholds

Risk exceedances

Mehinto et al. (2022)

Coffin et al. (2022)

Coffin,. et al. (2022) ‘Risk characterization of microplastics in San Francisco Bay, California’, Microplastics and Nanoplastics.



Systematic Biases Adjusted with Probability Distributions

Relative Density
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Manta Trawl Fiber Correction Factor Combined Correction Factors

Coffin, S. et al. (2022) ‘Risk characterization of microplastics in San Francisco Bay, California’, Microplastics and Nanoplastics.
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Coffin, et al. (2022) ‘Risk characterization of microplastics in San Francisco Bay, California’, Microplastics and Nanoplastics.



Microplastics Parti lations in SF Bay
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Probabilistic Risk Characterization of San Francisco Bay
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Coffin, et al. (2022) ‘Risk characterization of microplastics in San Francisco Bay,

California’, Microplastics and Nanoplastics.



Some San Francisco Waterbodies Determined to

be Potentially Impaired under Clean Water Act

The 303(d) List

* At least one core

Impaired waterbodies that do not

supported and none
are known to be

meet water quality standards
Informs remediation, e.g. - total
maximum daily loads (TMDLSs)

State Water Resources Control Board. ‘California Integrated
Report: Surface Water Quality Assessments to Comply with
Clean Water Act Sections 303(d) and 305(b).’ (2024)

A

«4A: All 303(d) listings in

the waterbody are being
addressed and at least
one is being addressed
by a USEPA approved
TMDL.

+ 4B: All 303(d) listings in

the waterbody are being
addressed by actions
other than a TMDL

* 4C: Impairmentis the

result of pollution and
not a specific pollutant.

* Not enough * Not enough
information to information to
determine beneficial determine beneficial
use support. use support; but

there is information

that indicates
beneficial usegmay
be threatened

» There are one or
more 303(d) listings
in the waterbody,
and at least one of
the listings has not
yet been ac

by a TMDL. MicropIaStiCS
in San
Francisco Bay



From Watershed to Whales:

Tracking the source and transport of microplastics in the
greater Monterey Bay reglon to mform risk assessments

MOORE INSTITUTE
PLASTIC POLLUTION

Principal Investigator: Dr. Matt Savoca (Hopkins Marine Station of Stanford University)



Project Objectives % R ——

1. Quantify MP flux between the
rivers, beach, ocean, and biota in
the greater Monterey Bay region

2. Determine sources of MPs to
Monterey Bay
Legend
3. Develop citizen science to gather [FEEESTTAARssw-"
plastics data on Monterey Bay beach sand
beaCheS river water
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4. Develop a mass balance by P o SN
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Small size class (50-500um)

n = 22,932 microplastics identified

sample_type
» beach sand
river water
ocean water
lab blank
field blank

MP_mean_SE_SampleSize MP_per_L
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Power Law Distributions Comparable to Other Studies
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Coffin (In Progress). “Risk Characterization of Microplastics in the Monterey Bay Region.”



Food Dilution Risk Dominant; Rivers > Ocean

Food Dilution Tissue Translocation
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Exposure Distribution more uncertain than hazard thresholds

Rivers Ocean
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Coffin (In Progress). “Risk Characterization of Microplastics in the Monterey Bay Region.”



Food Dilution HC5

Risk Depends on Minimum Particle Size of Operational Definition
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Coffin (In Progress). “Risk Characterization of Microplastics in the Monterey Bay Region.”



Monterey Bay Risk Characterization Conclusions

First ever fully probabilistic microplastics risk characterization

Exposure rescaling to <10 um particles is uncertain

Risk exceedance of rivers for food-dilution cannot be excluded

Need: reliable monitoring of <10 um particles

@ OEHHA Coffin (In Progress). “Risk Characterization of Microplastics in the Monterey Bay Region.”



Number of studies
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Li et al. (2025). “Risk Assessment of Microplastics in Humans: Distribution, Exposure, and Toxicological Effects.” Polymers.



Microplastics Data is Rarely Structured or in Repositories
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Jenkins, et al. (2022). “Current State of Microplastic Pollution Research Data: Trends in Availability and Sources of Open Data.”
Frontiers in Environmental Science.



20206:
Lost In a

sea of
information?|

Image generated using ChatGPT 4 (OpenAl 2023)



Microplastic Pollution will Increase Long After Releases Stop

Current Peak of toxic release

B>  Plastic toxicity debt <3

Rillig et al, 2021 (ES&T)



(Effective) use of Al can accelerate progress!




Pilot Study: Automating Data Extraction w/ChatGPT (3.5)

Data Category

I‘Ilm‘l Ill

Treatment Groups -

Species A

Al Accuracy
Sex -
Sample Size - No
Replicates 4

. Yes

Reference Particle 4

Organism Group -

Negative Control

Life.Stage -
In vitro/in vivo -

Exposure Solvent +

Exposure Route

Exposure Media |
Tempurature

0.50 0.75

Accuracy

=
o
S
o
()
a
—
o
S

@JosieKinz (X)

Thornton-Hampton et al. (2025) “The Toxicity of Microplastics Explorer (ToMEx) 2.0 ”. Microplastics and Nanoplastics.



ToMEx 3.0 - Agentic Pipeline Workflow
O 2 3 O

Literature Discovery =~ Duplicate Check — Full Text Retrieval — Field Extraction
PubMed - Semantic Scholar - . PMC OA - Unpaywall - 111 ToMEx columns via LLM
Against master CSV
CrossRef Abstract fallback prompt
. . . . Update
Quality Scoring — Confidence Check — Human Review — P
ToMEXx e —
Cols 83-111: ToMEXx rubric Aut.o—proceed vs. flag for Excel diff — uncertain fields CSV + RDS + artifact rebuild
(0/1/2) review only

Angosteng Bayitaa, Maaike Vercauteren, Scott Coffin, Leah Thornton Hampton, Martin Wagner, Jacob Chen, Huazheng Wang.
“Automated Microplastics Toxicity Data Extraction - ToMEx 3.0.” (In Progress)



ToMEx 3.0 — Self-Evolving Agentic Loop

TOMEX

Task X Task Y

Task Distribution Shift

Capability A @
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Angosteng Bayitaa, Maaike Vercauteren, Scott Coffin, Leah Thornton Hampton, Martin Wagner, Jacob Chen, Huazheng Wang.
“Automated Microplastics Toxicity Data Extraction - ToMEx 3.0.” (/n Progress)



Predicting (Binary) Microplastic Toxicity for Aquatic Organisms
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Magdalena M. Mair (In Press). “Predicting Microplastic Toxicity for Aquatic Organisms Using Machine Learning.”



High Model Performance Achieved with Quality-Screened Data

Blocked Cross-Validation
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Ana L. Antonio Vital, Scott Coffin, Andrea Bonisoli-Alquati, Maaike Vercauteren, Luan de Souza Leite, Maximilian Pichler,

Magdalena M. Mair (/In Press). “Predicting Microplastic Toxicity for Aquatic Organisms Using Machine Learning.”



Endpoints, Dosage, & Species Drive Toxicity over Particle Traits
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M. Mair (In Press), Computational Toxicology. “Predicting Microplastic Toxicity for Aquatic Organisms Using Machine Learning.”



Meta-Analysis: Fibers more toxic than spheres or fragments
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lwasaki et al. (2026). “Bayesian species sensitivity distribution modeling for microplastic particles:
Integrating particle characteristics and intraspecies variation.” ET&C



Predicting Quantitative MP Toxicity with Machine Learning

())) Data Machine Learning Quantitative
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Coffin (In Preparation). “Regression-Based Toxicity Predictions of Microplastics in Aquatic Organisms Using Machine Learning.”



Polystrene/Spheres Significantly Over-Represented in TOMEX
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Coffin (In Preparation). “Regression-Based Toxicity Predictions of Microplastics in Aquatic Organisms Using Machine Learning.”



Model Performance Strongly Depends on Data Splitting

True Effect Concentration

Coffin (In Preparation). “Regression-Based Toxicity Predictions of Microplastics in Aquatic Organisms Using Machine Learning.”
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Predict pSSD+’s with ML Model
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[ Artemia parthenogenetica | * :

Oryzias melastigma
Acanthocniro poryacantnu

Artemia salina (™

[ Brachionus koreanus|. .

@ / lPezrvocalanus crassirostris

Crassostrea gigas ]
[(Mytilus galloprovincialis

Jﬁr'\/7izwe melacstigma
Pinctada margaritifera
Acanthochromis polyacanthus

Crepidula onyx

10® 10° 10° 10'° 10"

[ Artemia parthenogenetica |- *

[ Paracyclopina nana

JPinctada margaritifera }
Crepidula onyx

{ Brachionus plicatilis

Mortality

Paracyclopina nana
Brachionus plicatilis |

Centropristis striata
_ Tigriopus japonicus \
Acarﬁa clausi |

4 i Tripneustes gratilla J,}
s

Parvocalanus crassirostri

{7/ —] Crassostrea qigas |
— Mytilus galloprovincialis J
Y 4 Onszias-melastigma

> Pinctada margaritifera

Crepidula onyx

Acanthochromis polyacanthus

[ Paracentrotus lividus

Tigriopus fulvus -

[ Diaphanosoma celebensis

Artemia salina

[ Artemia parthenogenetica. . 4

[ Brachionus koreanus| - -

10° 10° 10° 10'° 10" 10%°

Effect concentration (particles/L)

Scenario = Environmental (Kooi & Koelmans 2019) = Lab (empirical)

Coffin (In Preparation). “Regression-Based Toxicity Predictions of Microplastics in Aquatic Organisms Using Machine Learning.”
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Coffin (In Preparation). “Regression-Based Toxicity Predictions of Microplastics in Aquatic Organisms Using Machine Learning.”




CA Uses Drones + Deep-learning to Monitor Plastic

SFEl.org (2019



OIMA’s Trash Tracker:
A.l. on a street sweeper

.

{"lgPdci

LA _Q*
(‘lﬂPackﬂ“‘d“

CrumpledPaper 0.700

Open Source at glthub com/CAWaterBoardDataCenter/Trash Tracker



Uncrewed microplastics sampling portable

catamaran drone — Open Schematic!

Control electronics Inlet actuator

Battery box
Satellite tracker

Inlet
Flow meter

Thruster . DNet

Cod-end

g

Andrea Faltynkova

Zolich et al. (2022). Portable Catamaran Drone — an uncrewed sampling vehicle for micro-plastics and aquaculture research. |EEE.



ldentifying Microplastic Sources Using Chemical

Fingerprints + Al

@

\S

@

¢

A &

S

Environmentally- Store-Bought
Sampled

PMT Plastic
Additives (n)

Fries et al. (2025). “The Ones that Get Away: Investigating the Leaching of Persistent, Mobile, and Toxic Plastic Additives from New
and Environmentally-Sampled Plastic Iltems.” Environmental Science & Technology.



Plastic-inclusive items, CCD data

California Beach Cleanup Data (1988 — 2021)
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Food Wrappers/Containers -

Cups, Plates, Forks, Knives, Spoons TOTAL A
Caps, Lids TOTAL 1

Beverage Bottles (Plastic) 2 liters or less -
Bags TOTAL 1

Straws, Stirrers 4

Cigarettes/Cigarette Filters 4
Building/Construction Materials
Clothing, Shoes -

Cigar Tips 1

Bags PLASTIC A

Balloons -

Other Plastic/Foam Packaging -

Bottle Caps (Plastic) 4

Pull Tabs A

Cigarette Lighters 4

Rope 1
Six-Pack Holders -
Fishing Line A

-
L Ll Illll! l._lm llll i bl llll..l! L i ll

-

10 20 1,000 10,000 100,000
Years in Top 10 rank of CCD data Count, log10 scale

Nguyen; Fries; Jones; Megson; Zonderman; Hildebrandt; Coffin; Profrock; Suhring. ES&T (2026).
“Chemical Fingerprints of New vs. Weathered Plastics: A Machine Learning Approach.”
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Nguyen; Fries; Jones; Megson; Zonderman; Hildebrandt; Coffin; Profrock; Suhring. “Chemical Fingerprints of New vs
Weathered Plastics: A Machine Learning Approach.” Environmental Science & Technology (2026).
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Plastics have Unique Chemical Fingerprints!

4 , Source

A  Environmental

T ® Store-Bought

2 N % Type
M) ® Balloons

Bottle Caps
Bottles

UMAP2
\
[
.'
I
J

Cigarette Lighters
Cigarettes

Cord

® Cups

(]
/
A
>
4
eeo o0 o0 o0

y - o N Cutlery
Yu ~r A Other

( ATl 4 Plates
-

UMAP1
Nguyen; Fries; Jones; Megson; Zonderman; Hildebrandt; Coffin; Profrock; Suhring. “Chemical Fingerprints of New vs.
Weathered Plastics: A Machine Learning Approach.” Environmental Science & Technology (2026).



Datasets

Data

. i A S 1 .
Processing : 2.HPLC ]‘ Single PCA clustering
Peak alignment &= S 1CE analvsis :
(RT, m/z) { 4. GC-HPLC s Y
{ 5. HPLC-ICP o e, T
Data cleaning i 6. GC-ICP
.................................... i 7‘ GC—HPLC—'CP
Random Forest Classifier
Data Imputation: Checkpoint PCA Data
Zero, Mean, Median, Half- #1 clustering partitioning
global-minimum, missForest, analysis 1m7oomosoomooo .
kNN Cluster : Train data |
' resolution, Bt . (80%) ]
24 Pearson | |
combinations correlation, . imputation& — Felisctl g
: ' KS test, normalization | test data .
= Data Normalization: MCC score L (20%)
i None, TSN, Min-Max scaling, Z-
score normalization
Checkpoint Feature
#2 selection
Predict on Retrain Hyperparameter All feature
hold-out o tuning (mfry, ntree) Pair-wise test
test data clgssmers with Repeated <«— RFE
: with best oo
with best ; Stratified K-Fold RFA
model parameters cross validation Top 10/25/50/100

i - Functions i
i -Industry applications :
- Report of toxicity i

> MCC score,
: Confusion matrix

Identifying
Microplastic
Sources Using
Chemical
Fingerprints + Al

Acronyms:

- RT: refention fime

- m/z: mass-to-charge

- PCA: Principal Component Analysis
- kNN: k-Nearest Neighbour

- RFA: Recursive Feature Addition

- MCC score: Matthews Correlation Coefficient

- KS test: Koimogorov-Smirnov Tests

- TSN: Total Sum Normalization

- RFE: Recursive Feature Elimination

- missForest: Missing Value Imputation using Random Fores

Nguyen; Fries; Jones; Megson; Zonderman; Hildebrandt; Coffin; Profrock; Suhring. “Chemical Fingerprints of New vs.
Weathered Plastics: A Machine Learning Approach.” Environmental Science & Technology (2026).



90% Classification Accuracy with Best Instrument Combination

All three combined 40%

TD-GC-MS + ICP-MS/MS

90%

HPLC-QToF-MS + ICP-MS/MS

TD-GC-MS + HPLC-QToF-MS

ICP-MS/MS

HPLC-QToF-MS

TD-GC-MS

0 20 40 60 80 100
Classification Accuracy (%)

Nguyen; Fries; Jones; Megson; Zonderman; Hildebrandt; Coffin; Profrock; Suhring. “Chemical Fingerprints of New vs.
Weathered Plastics: A Machine Learning Approach.” Environmental Science & Technology (2026).
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Technical Risk Assessment

Test Species™

Control Group* Endpoints

Exposure Duration®

Test Medium* Food Availability

80(y0 Of StUdieS Administration Route*

in TOMEXx 2.0 o

Source of Microplastics*

do nOt meet Particle Size*
minimum quality o

Data Reporting®

criteria

Exposure Assessment

Exposure Time

Dose Response*

Concentration Range

Effect Thresholds

Exposure Homogeneity

. Adequate Exposure Verification
Chemical Purity

Aging and Biofouling

Adequate with Restrictions Laboratory Preparation

| Inadequate

Microplastic Diversity

Background Contamination

o
-—
o
o

200 300
Number of Studies

o

100 200 30(C

Kennedy et al. (2026). “Trends in Quality and Risk Assessment Applicability of
Microplastic Ecotoxicitv Studies.” Journal of Hazardous Materials Advances.



Global Differences in Studies Meeting Toxicity Screening Criteria

Mean ToMEXx Total Quality Score by First-Author Country
274 scored papers across 37 countries

Norway
215 (n=2)

- > 22

Denmark
% United Kingdom 6.2 (n=4)
- 1790=20) p neriandg Poland 1?SI(ann=d1) Russia
18.7 (n=3) Ireland Germany -
19.3 (n=3) 19.2 (n=17)
Belgium Czechia
13.0 (n=1)
- d _*
United States - SN & Slovenia China S1c7>u£h rl1(=01r§§.
15.6 (n=19) }mﬁ/) Tunisia 17:2 (n=4) e 16.2 (n=62) "/ 2013 apan - 18
Portugal 195 (n=2) = Unﬁly_m 1&0?;51) 148 (=6) ”' 16.5 (n=4)
153 (r=15)  spain 0n=21) 450 (n=2)
14.6 (n=13)
>
Hong Kong
16.3 (n=3)
Ethiopia - 16
14.0 (n=1)
MW& ; =q%
16.8 (n=5, 5
French Polynesia (n=5) == |ndonesia = 14
16.3 (n=3) Brazil 14.0 (n=1)
./ 14.0 (n=1)
Australia
20.5 (n=6)
New Zealand - 12
12.0 (n=1) ﬂ}”
Chile
11.0 (n=1)

Coffin (Unpublished).

Mean total quality score



Global North - Global South Mean Difference by Score-Bearing Criterion

risk.15: effect-threshold reporting p=0.001
tech.9: exposure concentration verification p=0.001
risk.13: endpoint ecological relevance p=0.005 G I O ba I N O rt h
risk.20: exposure duration realism p=0.036

risk.18: aging/biofouling realism

Beats Global
South on some
screening
criteria and
e isa vereal

risk.16: concentration gradient
risk.14: feeding/exposure realism
tech.8: background plastics
risk.b1: dose-count gate

risk.19: MP diversity realism
tech.7: contamination control
tech.4: particle source

tech.6: additives/surfactants

tech.1: particle size p=0.852
tech.12: replication/statistics p=0.892
tech.5: concentration units p=0.922
tech.10: particle behavior/homogeneity p=0.546
tech.3: polymer identity p<0.001
tech.2: shape confirmation p=0.003 : 2::52: 22::; ';ig;zrr" 2;: 12%255
mmm  Not BH-significant
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

Mean score difference

Cof fin (Unpublished).



Reporting Standards & Guidance are Available

LB

pubsacs orglest

Applied &
Spectroscopy °

WEW. S 3-5.0r0

Quality Criteria for Microplastic Effect Studies in the Context of Risk
Reporting Guidelines to Increase the  Assessment: A Critical Review

Reprodu Cibility and Comparability of Vera N. de ll.||u'jt-:=,1',’:*'gi Paula E. Redundﬂ-llasse]erhann,g‘ Todd Gouin, and Albert A. Koelmans
Research on Microplastics

Applied
Win anger' , Andy M. Booth?, Bonnie M. Hamilton?, Spectrnscnpy —
Clara Tha]rsens, Sebastian Primpke" , Keenan Munno?, e
Amy L. Lusher® ®, Alexandre Dehaut®, Vitor P. Vaz’, Sampling and Quality Assurance and
Max Liboiron®, Lisa I. Devriese’, Ludovic Hermabessiere® @, N . . .
Chelsea Rochman?, Samantha N. Athey?, Jennifer M. Lynch'%'!, Quallty Control: A Guide for Scientists
Hannah De Frond®, Andrew Gray', Oliver A.H. Jones'?, Investigating the Occurrence of

Susanne Brander'? ®, Clare Steele'? 5, Shelly Moore'®,

Alterra Sanchez'®, and Holly Nel'? Microplastics Across Matrices

Susanne M. Brander' ®, Violet C. Renick? , Melissa M. Foley3,
Clare Steele® , Mary Woo4, Amy Lusher® , Steve Carr‘,
Paul Helm’, Carolynn Boxa, Sam Chernialk’ ,

Robert C. Andrewsq, and Chelsea M. Rochman'®



Learning from history instead of reinventing
the wheel: A resource for coordinating
microplastics research, reporting, and

publication criteria across disciplines
Submitted (August 30, 2026)

#F .
e

Shaiied miasiPedd gfed
ialerefts malbibls

Sampling L A Call for R

suisclion Coordinating rtpﬂtm e

peobacoli atihy
Microplastics S

Research,
Reporting, and
Publication Criteria ‘ = ’

Granek, Elise F.; Coffin, Scott, Brander, Susanne M.,
Seeley, Meredith Evans; Thornton Hampton, Leah M.,
El Hayek, Eliane; Walker, Vickie R.; Wagner, Martin,
Gouin, Todd; Gray, Andrew B.; Harper, Stacey L.,
Rooney, Andrew A.

Blanis, mrethod
collabaraticn = walidation,
QANGC
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Tier 1: Normative/

-« [
Biosolids
seoer | R A R e IR R [ 7ier 2 Authoritativel

Institutional

Biota / Tissue

-

Tier 3: Interlab Tested/
Critical Guidance

Air / Atmospheric

Matrix

Food / Dietary

Human Tissue

Tier 4: Supporting/
Contextual

Soil / Terrestrial

Workflow Stage

Granek et al. (submitted). “Learning from history instead of reinventing the wheel: A call for coordinating
microplastics research, reporting, and publication criteria across disciplines.”



Find the right papers/standards for your project!

MNP Compass

Interactive decision tree for planning microplastics monitoring and toxicology studies.
Select your study type, matrix, and workflow step to find the best available methods ranked by authority tier — Tier 1 (Normative/Binding) to Tier 4 (Supporting/Contextual); see the About tab for

the full framework.

Decision Tree  Crosswalk Search All References Glossary About

& Study Design Workflow

Follow the linear workflow below. Core steps (solid lines) proceed sequentially. Auxiliary supports (dashed lines) apply across the workflow.
Study type Matrix

Monitoring v Ed Drinking Water v

Particle/polymer type

Choose options w

Open source! ‘ https://mnp-compass.streamlit.app/



Comprehensive Packaging Extended Producer
Responsibility Bill Siened June 30 2022
Recycling/compostable: 8

30% by 2028
65% 2032

Creates Independent Producer
Responsibility Organization

Plastic Pollution Mitigation Fund:

$5 bill over 10 yrs from industry to
r . Gov. Gavin Newsom (seated) signs SB 54 on June 30, 2022. State Sen.
m |t|gate Im paCtS Ben Allen far left. Assemblywoman Luz Rivas to Newsom'’s right.

Courtesy of State Sen. Ben Allen




US Exports ~1.4 MT/yr of plastic to Global South

GERMANY

UNITED |
KINGDOM POLAND

—UKRAINE
SOUTH

KOREA

NETHERLANDS
PAKI STAhi!

INDIA
-

MALATSIA

UNITED
ARAB

EMIRATES
—— KENYA

HONDURAS
PHILIPPINES

GUATEMALA

NICARAGUA
NIGERIA

7S

EL SALVADOR

—L&—
@ use

Clothing
Exporter

() Used

Clothing
Importer

Jim McMahon/MapMan

Bourtsalas et al. (2023). ”U.S. plastic waste exports: A state-by-state analysis pre- and post-China import ban” Journal of Environmental Management



MAX LIBOIRON

"Pollution is not just an
unfortunate byproduct of
industrialization;
it is a method of creating and
maintaining social and
geographical order".
-Max Liboiron

Pollution




2021: California Takes Major Step to Address Waste Colonialism

I‘GC}/C N }\)g Q

California passes
legislation designed to
address mixed plastic

exports

Exported bales of a single type of plastic would not be
targeted by California's AB 881.




California’s Circular Materials Economy
will Increase Bioplastics Usage

Source

Reduce, Refill
and Reuse
Product B Consumer

Design Education
and
Collection

Responsible .
End Markets \ (>

Err
Processing

CalRecycle.ca.gov



CLIMATE CHANGE

CO2
concentration

Outside Safe
Operating Space
of the Planetary

Boundaries for |
Biogeochemical Flows s \
and

| | ‘3
N ovel E ntltles Freshwater use G
(Blue water) wraetzr:
OCEAN
ACIDIFICATION

FRESHWATER CHANGE

STRATOSPHERIC OZONE
DEPLETION

i s&e operaﬁngspac \ 4
Q 4

BIOGEOCHEMICAL
FLOWS

Persson et al. (2022), Environmental Science & Technology



Nanoplastics used as Replacement for PFAS and Plastic Films

Traditional Regrettable Substitution

B-ketoester bond

Kaewsaneha et al. “Preparation of Water-Based Alkyl Ketene Dimer (AKD) Nanoparticles and Their
Use in Superhydrophobic Treatments of Value-Added Teakwood Products” (2022). ACS Omega

Fuhdy Regional Service Corﬁision
 \Water and oil resistant  \Water and oll resistant Vo
° ° ? aybe,
Not recyclable Recyclable” but nanoplastics have
* Not compostable « Compostable? < 15 g0 somewnhere...



Vision For a Greener Future

Business-as-usual Regrettable Alternative Sustainable AIternative

y ) R y )
&4 A\ V77 I\\ N
V' 4 7 1 \ \ N V 4 7 1 \ \ N
y 7 1 N\ N y 7 1 N\ N

1T see HIL B 22¢

TOXIC chemicals feedstock
Fossil fuels Bio-based Fossil fuels Bio-based Safer-by- x
feedstock A\ feedstock '

Il‘ A\

Greenhouse gas

emissions
' Renewable
Agriculture
Greenhogse gas Plastics Toxic Biodiversity Greenhouse gas  Plastics Toxic Biodiversity %&
emissions chemicals loss, emissions chemicals loss, E-m
soil depletion soil depletion Recycling Plastics

Balan, van Bergen, Blake, Buck, Coffin, DeWitt, Goldenman, von Hippel von Hippel, Leonetti, Rist,
Scheringer, Trier (2025). “Confronting the interconnection of chemical pollution and climate change.”
Environmental Innovation and Societal Transitions



California’s Green Chemistry
Regulatory Framework:
Safer Consumer Products
adding Microplastics to
Candidate Chemicals List

E

Background Document on
DTSC’s Microplastics in Consumer
Products Research

Movember 2025

X

June 20, 2025 October 01, 2026
Release of Proposed Regulation Effective Date of Final
for Public Comment Regulation

Prepared by
Department of Toxic Substances Control

Email updates: dtsc.ca.gov/dtsc-e-llsts/




Safe and Sustainable
Bio-Based Material Innovation Needed

— V’ o
& ~ R PrOfeSSC)r Zhanyun Zhao’s lab Non-plastic alternatives: coconut shells as plant pots,
% §* turns fruit pulp and pomace Y9

| into edible food packaging

ar

KENYAN ENGINEEH
TURNS DERDLY WATER
HYAGINTH INTO EGO-
FRIENDLY INNOVATION




California - Producers PAY for their damages to our health

Plastic Pollution Mitigation Fund

Annual $500 million
(2027 - 2037)

60%

/

/5% must directly &
primarily benefit residents
living in disadvantaged
or low-income
communities

at least 50% must benefit
disadvantaged, low-
income, or rural
communifies



Plastic Problems Require Breakthroughs at Different Levels

Disciplinary Interdisciplinary Transdisciplinary
® o ©
Examples in Plastic Pollution Research
» Monitoring data » Multi-dimensional * Risk assessment paired
« Analytical method risk assessment with risk management,
« Hazard study applied to site community engagement,

& policy
Mitrano et al. (2023). “Training the next generation of plastics pollution researchers: tools, skills and
career perspectives in an interdisciplinary and transdisciplinary field”, Microplastics & Nanoplastics.



1.6 kilotons/yr of microfibers applied to
California land via biosolids’

w

Textile ‘

I n te r-Se CtO r Wash;ng Producers
- Machineg Wastewater
Collaboration mﬂusw - reamont .

Plants

Needed! :

1Geyer et al. (2022). Environmental Pollution.



Open Science
Attracts a

Diverse Set of )
Researchers ‘ l{ Ll
[ LIRS

The best way to include a
diverse group of stakeholders is

fo remove existing barriers, __ N
and design for inclusion. |

%

|

Urbina-Blanco, et al. (2020). “A diverse view of science to
catalyse change.” Nature Chemistry.



online, free of cost
access to data, with
attributed source &

. Open . free access to
&\(\ online, free of Dp ; terms that allow their Open | experimental
cost access to ata | reuse &redistribution ; elements for
peer reviewed Reproducible research
scientific Research | reproduction
content, with ati
limited copyright evaluation
Open and licensing of research
Access | restrictions results

requiring the

community’s
n ! .
_® _Ope contribution,
: Science not limited to
Evaluation | peerreviewers

Inclusive t, Y
Education - - pe n ‘ 4& S
accessto & free of cost
high-quality *_ 3 SClenCe } Open | access to
knowledge Vs ] s materials for
for all -~ - Educational teaching &

77 R, - - - - Resources | learning

Accountable 7
Science N .
\ o= Ca
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: |
s |
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" “ . [
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\
)

Efficient | * / science,

/ technology &
Research '« _ - innovation as a

acceleration of scientific FAIR Data common good

discoveries to tackle Findable
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>225 Open Science Tools Available for Plastics Research!

#0OpenlLitterMap

&

O penUrifT

T Io;a . ™
PAN-AFRICAN MICRO(NANO)
PLASTIC RESEARCH NETWORK

% OpenOceans Global’ Trash Information and Data

for Education and Solutions investigators




Removing barriers on plastic research

Plastiverse.org

Plastiverse.org is an information- and
resource-sharing website that is not
affiliated with any state agency, and that
no one receives monetary benefits from.




Open
Centralized
Living
Resource
Hub

PLASTIVERSE

Reducing barriers to plastics research

Tools & Resources Events About Contact

PLASTICS RESEARCH TOOLS & RESOURCES

Plastiverse offers a curated and evolving directory of plastics research tools & resources — from open-access datasets and sampling/analysis protocols to
remediation devices, policy frameworks, citizen science platforms, and much, much more! We pull the diamonds # out of the rough to enable more rapid progress
on addressing impacts of microplastics pollution . Whether you study microplastics in water &7, track macroplastic waste 11, design cleanup strategies «7, or
shape plastic-policy m, this page provides a one-stop reference to the tools, methods, data, and guidance currently available worldwide.

If you are aware of something missing or incorrectly described, please => let us know <=

Search For Content

Sort by

&) Horizontal distribution of samples

Most recent

T'.l 1) Replication . ’
2022 - 2026 Reset
Is Sampling methods and strategy i
Compartments GLOVE: Global Plastic Riverine Microplastics PlasticHealers — Classroom
Ingestion Initiative Sampling Quality Criteria Tool for Micro- and
Air (2) , , Nanoplastics
An open-access dashboard Meta-analysis of 36 river

Aquatic (107) i database providing science- microplastic studies with quality Interactive educational




Sedrch Titles, Orgs.. Database 57 Tool 2 Device 312 Map 23 Protocol 2z Report 15 Training 12 Media 12 | All topics 4 All matrices A

Opendata:any % | Only show selected Clear filters 216 resources
E COLOR

® Database (87) L]

@ Tool (39) &

® Device (28) i

& Other

Improving | .
Access
Through
Making _
Data 0
Findable

* @

Metwork — solid lines are curator-confirmed related
resources; fain
Drag nodes, scroll to zoom. A " ®

ed lines are shared-category overlap. el

TRAINING

TRASH MONITORING WEBINAR SERIES

The goal of this webinar series is to share our current collective knowledge to support current practices and advances in trash monitoning and the development of data



Plastiverse Automation Pipeline
O~ s O 2,

PLASTIVERSE

Discover new resources

CrossRef, Semantic Scholar,
PubMed/arXiv, GitHub,
Zenodo, RSS, web.

Filter and score candidates

Rules, embeddings, and
LLM review identify likely
useful resources.

Publish to Plastiverse

WordPress REST API
creates or updates
resource pages.

4 ' i
— — 4 ’
-~ '“'"'m._' s !/
(ﬁﬁ»‘" ™ £
o —

Y L4 s
/ \ ” w - B
_\'ﬁ. of = "’:._. ' ‘-' 0 g '-.
f «-@ \ ’ . ..
| L . -

| \ ’ L *
Editorial queue and | ’ o ;
! qualit? check ! & ' ’ Deduplicate known resources
\ i i -1 1 B i T URL hashing and fuzzy
‘-ﬁ..x,:;;:;m;:’;j; pesebiing) ’ . Plastiverse Automation: ttle matching remove
[ ' = :
e J,/ ! resource discovery, R
— : curator feedback,
© ': and publication
(=D L% support
JU— + ] F . 3
= L

Generate editorial content
Al drafts titles, excerpts,
body text, metadata,
and links.

/82

— Human curator review |

Enrich metadata

Add abstracts, citation
signals, metrics, topics,
and compartments.

Feedback + re-training
Included items update
embeddings; excluded
items update the
seen set.

Generate weekly
curator digest
Create a Markdown digest
with evidence and review
checkboxes.

\ Terminal or Streamlit
\, review captures decisions /

and rationale.

Ny

d_.--"’"

Automated discovery narrows the search space; curator feedback improves the next cycle.




Share

Plastiverse




Obrigado!

W
ﬁ{p". b L
J ' Scott.coffin@oehha.ca.gov

,..-i y
| https://Scottcoff.i
We all haveahttte ps://Scottcoff.in

Barbie'in'us :
' LTS Wy WE MAY WE MAY
(ThEiIHIEI'IJPl_HS_tIES} BPE P | 00K DIFFERENT || THINK DIFFERENT

BODY BY

ETHESQUARECOMICS

BUT INSIDE US,
WE HAVE ONE
THING IN COMMON

MICRO

Sosi.

© MADS HDRNRTH

"WOW. THE MICROPLASTICS TONIGHT CAN
REALLY MAKE YOU FEEL INSIGNIFICANT.”
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