Housekeeping

» This event is being recorded; Event will be available On Demand after
the event at the main training page

https://clu-in.org/conf/itrc/Microplastics/

» If you have technical difficulties, please use the Q&A Pod to request
technical support

» Need confirmation of your participation today?

» Fill out the online feedback form and check box for confirmation email and
certificate
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Microplastics Guidance Document

Overarching Goal:

The guidance will provide an understanding of
microplastics and the state of the applied
science without having to go to the scientific
literature.




Topics Covered

» Introduction to Microplastics and their Sources
» Environmental Distribution, Fate & Transport

» Sampling and Analysis Techniques

» Human Health and Ecological Effects

» Current Regulations

» Mitigation and Abatement




Global Plastic Production

Global plastics production

Flastic production refers to the annual preduction of polymer resin and fibers.

400 million tonnes

300 million tonnes Invention  Innovation Growth of Innovation of
of first of variety plastic biobased and
synthetic  of plastics industry biodegradable
plastic plastics

200 million tonnes
1970s and
Source: D. Yardimci

Data sourced from
https://www.plasticsindustry.org/history-plastics
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https://ourworldindata.org/plastic-pollution#how-much-plastic-enters-the-world-s-oceans

Global Plastic Waste

The pathway by which plastic enters the world’s oceans g

in Data

Fslimales ol glebal plastios eolering the oceans Do lanl-Tasad sourees o 20090 based oo e pal beeae Teoen preimary procdustion Deresaghe leooarioe plastis inpuals.

Global primary plastic production:
270 million tonnes per year

It can exceed primary productan in
8 givan year since it can incorporate
productan fram previaws years.

Coastal plastic waste:

98.5 million tonnes per

This is the total of plastic waste generated

by all populations within 50 kilomatres of a
caastline {tharefore at risk of entaring the ozean).

Mismanaged coastal plastic Plastic: in surface waters:

waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes

I hig i the arnnual sum of inadeguataly managed angd There is a wide range of astimates of the

iltesad plaslic waste em coasly populations. quartity of plastios in surface waters.

Insclequately managed waste is that which It rermains unclear where tha majarity of

g gtared in open or ingecuns landfills alastic inpuE end up — a large quanity

tand therefors st risk of lakage or loss). right accumulate at greater depthe ar on
# Plastic inputs to the oceans: ~ heseaiioor

8 million tonnes per year

Source: OQurWorldData, CC-BY-SA
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https://ourworldindata.org/plastic-pollution#how-much-plastic-enters-the-world-s-oceans

Why Do We Care About Microplasti

» Ubiquitous in the environment e 4 4
» Accumulate and persist long time in the environment §
» Contain harmful chemical contaminants and additives & :
» Consumed by humans and other organisms

» Cause adverse health impacts on humans and other
organisms

Source Top: Flickr, Global Water Forum
Source Bottom: Oregon State University, : CC-BY-SA-2.0
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https://commons.wikimedia.org/wiki/Category:CC-BY-SA-2.0

Microplastics Definition

Particles that are greater than 1 nanometer (nm) and less than 5
millimeters (mm) in their longest dimension and comprised of solid
polymeric materials to which chemical additives or other substances may

have been added.

Polymers that are derived in nature that have not been chemically modified

(other than by hydrolysis) are excluded




Microplastic Size

[tems Comparablein Size to Microplastics (between1 nmand5 mm)

Red Blood Cell Human Hair
7,500 to 10,000 nm 60,000 - 120,000 nm
(7.5 to 10 um) (60 to 120 pm)
§ . Drinking Straw
5,000,000 nm
‘ (5 mm)
Strand of DNA Major Fraction of Fly
2.5 nm Ash Particles
10,000 to 20,000 nm
(10 - 20 pm)

1,000 nm =1 pum

1,000,000 nm=1 mm .
1,000 pm = 1 mm ITRC MP Figure 1-2

Source: V. Hanley
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Variety of Microplastics

S  Additional Attributes

Primary

Size
Product Morphology
Color
Secondary Toxicant

Source: C. Baysinger




Primary vs. Secondary Microplastics
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Primary Microplastics

Intentionally manufactured for specific applications or products

microbeads in personal pre-production pellets
care products (nurdles)

Source: S. Ehardt / CC0-1.0 Source: gentlemanrook / CC-BY-2.0
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Case Study: Appendix A.4:

Nurdles Along the Gult Coast

# Nurdles collected / 10 min

AR Highlights how citizen science
" | can play a significant role in
understanding and evaluating
emerging contaminants, as well
as drive litigation, which can
ultimately impact policy

ITRC MP Figure A.4- 2

Source: Tunnell et al. 2020




Secondary Microplastics

Originate from larger plastics that fragment into smaller pieces

Wear and tear of car fragmentatlon of consumer ﬂbers/ﬁlaments
tires products from synthetic
textiles

Sources: S. Viinamaki/ CC-04, Streetwise Cycle /CC-04, B. Schumin/ CC-03, B. Spragg/CCO-1.0
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Case Study: Appendix A.3: Impact of Disposable PPE and Single Use
Plastic Items During the COVID-19 Pandemic

Source: C. Huang
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Microplastic Shape

» Fragments

» Beads

» Pellets

» Foams

» Films

» Sheets

» Filaments
» Fibers

ITRC MP Figure 1-4
Source: Martindale et al, 2020




Microplastics Adsorb Harmful Chemicals

» Enhance sorption of heavy metals (e.g., lead, cadmium)

» Enhance sorption of persistent organic pollutants (POPs)
= Polycyclic aromatic hydrocarbons (PAHS)

= Polychlorinated biphenyls (PCBs)
= Per- and polyfluoroalkyl substances (PFAS)

= Organochlorine pesticides (dichlorodiphenyltrichloroethane, DDT)




Factors Enhance Chemical Adsorption Capacity of

Microplastics

» High hydrophobicity » Polymer type
» High surface area to volume ratio ' h?g\fﬁ_ddeennsg% pg?asstt'fgs ((PPEETIIDT;)VE)

| II -
Smaller size = Rubbery plastics (PE, PP) >

. Rougher shapes Glassy plastics (PET, PVC)

« Weathered and aged




Microplastics as Vectors

» Allow formation of biofilms -> vector for bacterial pathogens
» Spread of antibiotic-resistant bacteria (ARB)
» Long-distance transport of chemical contaminants

» Source of contaminants in agquatic environments, sediments, and biota

More studies needed to understand vector effects of
microplastics




Evolving State of Science of Microplastics

» Emerging contaminant of

concern Environment
B Human

» Rapidly evolving state of

science

Number of Studies

» Increase in number of
microplastics toxicity

studies
Source: S. Coffin 2021
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Interactive Case Study - Objectives

» Start with hypothetical environment

» Identify sources, pathways, receptors

» Develop recommendations for

investigation and evaluation



Case Study - Step 1 — MP Sources

» Identify the MP Sources:

» Please use the chat function to type in

your answers




Case Study — Step 1 - MP Sources

Possible MP Sources
= Roadway
= Waste treatment plant
= Farm biosolids
= Housing
= Factory
= Fishing Boat
= Landfill
= Car Tires
= Beach Use
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Conceptual Site Model (CSM)

» Multifunctional Tool
= Overview Information

= Document Navigation

Source: J. McDonald




CSM: Point Sources

Marine Point Sources: [*
Materials lost or
discarded from vessels

Wastewater Outfalls
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Stormwater Outfalls

Industrial Smokestacks




CSM: Non-Point Sources

Microplastics can be
transported through \
the atmosphere and

deposited far away
from the source

(Macro)Plastic trash
washes into the ocean,
then breaks down into
smaller and smaller
pieces, eventually
becoming
microplastics

Microplastics may be present
in household products such as
toothpaste or facial cleaners.
Microplastics can be
generated through household
activities such as laundering of
clothing

Microplastics generated
through typical tire wear and
breakdown of roadway
materials

- pellets, biosolids from

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES

Microplastics may be present
in agricultural lands due to
direct application of fertilizer

wastewater treatment plants,
or due to breakdown of plastic
sheeting

ECOS



Case Study: Appendix A.5: Tire Wear Particles and

Coho Salmon

Tire wear particles are a specific
type of microplastic

Additive 6PPD can leach from
these particles and transform
info 6PPD-quinone

Coho salmon are uniguely
sensitive to toxic effects of
6PPD-quinone

Source:
Kalernna/
CC3.0

1
Source: Bureau of Land Management

32



How Microplastics are Generated

» Abiotic and biotic processes — Chemical, physical, and biological reactions

» Important in fate and transport; size distribution

« Biofouling, aggregation, flocculation, fragmentation, time of residence, and
transportation routes

» Photodegradation — initial process at surface of land and water

= Can change physicochemical and mechanical properties

» Biodegradation in aphotic (no light) zones




Environmental Distribution —
MP In the Fluvial Environment

wand.

» MP transport — rivers and streams

» Prevalent at surface, throughout

water column, and in sediments

» MP sinks — lakes and inland areas of

decreased flow velocity

» Two-way transport affects distribution
water < land « air
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Environmental Distribution —

Surface Water

» Rivers, Lakes, and Streams

» Stormwater

Section 2.3.1
MP in Surface Water

» Bays and Estuaries

» WWTP as sources



Environmental Distribution —

Wastewarter

Section 2.3.2
MP in Wastewater

ITRC MP Figure 2-1

Industrial and domestic product
sources for MP entering WWTPs

WWTP processes remove MP—no
standard treatments or analysis
methods

Biosolid products, re-release by
land application and landfilling

MP in wastewater effluent
predominantly smaller then 0.5
mm




Environmental Distribution —

Groundwater

Section 2.3.3
MP in
Groundwater

ERIS

= N

Limited studies indicate lower
prevalence of MP than other water

types

Current sampling obstacles due to
plastic monitoring well construction

Movement affected by particle size,
density, soil moisture, pH, salinity,
and ionic strength — aided by
preferential pathways

Reported presence in Illinois (US),
as well as Germany, and South
Africa — shallow and deep
groundwater

Higher concentrations near WWTP,
landfills, and agricultural sites
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Environmental Distribution —

Oceans

Section 2.3.4
MP in Oceans

ONMENTAL ESEARCH

Enter from estuaries, rivers,
outfalls, and the atmosphere —
move at surface by currents
towards central, slower moving
oceanic gyres

Denser MP sink, then distributed

by subsurface currents — reported

from all ocean depths — highest

gglacentrations at depths 200 m to
m

Transport of floating debris —
ocean currents, convergence
zones, Stokes drlft tides, wind
force, Langmuir C|rculat|on ice
formation and melt, drift, etc.

Vertical transport — Factors include
degradation/aggregation,
biofouling; positive, negative,
neutral buoyancy

TUTE OF THE STATES



Environmental Distribution —

Solls

» Likely to be long term sinks for MP
since most plastics are used and
disposed of on land.

High MP abundance — Lands close
to busy roads, waste management
and agricultural areas, and home
gardens

= Other factors — soil type and

management, plastic size and
density, and precipitation

Section 2.4
MP in Soils

Potential to alter soil properties
such as bulk density and water
retention caﬁacity — vary with
type, fibers have distinctly
negative impact compared to
foams, films, or particles
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Environmental Distribution-

Sediment

» Suspended MP settle from the water
; column to combine with sediments
£ [ -4 o | — found in marine and freshwater,
| : o - | flowing and non-flowing systems

» Fibers and fragments common —
higher density MP more likely to
settle, abundance decreases with
sediment depth

» Research shows sediments higher in
total organic carbon (TOC) tend to
have more MP

» Residence time in river headwaters
iS hi?h especially in low flow
conditions — rivers are a key

pathway of transport to other areas

» Resuspension and redistribution
from sediment is a key process

Section 2.5
MP in Sediment

ERIS
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Environmental Distribution —

Alr

» Increased occurrence and transport
of MP in densely populated areas —
denser human populations and
activities, industrialization

» Atmospheric deposition —
precipitation events; rain and snow

» Emergent component of air pollution
due to inhalation and combination
with other pollutants (e.g., mercury,
PAHS)

» Transport — wind speed, up/down
drafts, convection lift, and turbulence

= Also affects distribution of plastic
pollution in terrestrial and marine
environments, potential for long-
distance transport

Section 2.6
MP in Air

» Small MP sizes, various shapes;
fibers, fragments, and films
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Environmental Distribution —

Urban Litter

Section 2.7
MP in Urban Litter

DIQ
E AL
ENVIRONMENTAL RESEARCH

Macroplastic litter breaks down to MP

Plastic portion of litter can vary
dramatically — San Francisco Bay area
stormwater study showed plastic items
were 2.2% to 15.1% of litter by volume,
whereas a Mississippi River basin study
showed plastic accounted for 74% of
litter

Storm events play important role — Los
Angeles River study showed MP
increased 7-fold at the coast near Long
Beach after a storm

A Great Lakes area study showed
fragments, films, foams, and pellets, all
found in urban watersheds at higher
concentrations as result of rainfall or
snowmelt events
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Environmental Distribution —

Biota

Section 2.8
MP in Biota

MP found in plants, invertebrates,
birds, mammals, and fish

MP are being ingested

Plants — studies show uptake by
crop plants through roots and
transported to shoots

Marine biota — Filter feeders at
greater risk due to suspension
feeding



Environmental Distribution-

Summary

( p ~ » Section 2.3: Fluvial Environment
P e = % o s ERet. | = Surface water

' - Wastewater

= Groundwater

= Oceans

» Section 2.4: Soils

» Section 2.5: Sediments
» Section 2.6: Air

» Section 2.7: Urban Litter
» Section 2.8: Biota




Case Study — Step 2 — MP Transport Pathways and

Media

» Identify the possibly MP-impacted media:

» Please use the chat function to type in

your answers




Case Study — Step 2 — MP Transport Pathways and

Medio

Possible MP-impacted media
- Ambient air

= Subsurface Soils

= Surface soils

= Surface water
= Groundwater
= Beach sand

= Crops/Produce




Case Study — Step 2 — MP Transport Pathways and

Media

» Identify the possibly MP-Transport
Pathways:

» Please use the chat function to type in
your answers




Case Study — Step 2 - MP Transport Pathways and

Medio

Possible MP transport pathways
= Urban runoff
= Rainfall
« Stormwater discharge

= Factory stack emissions

= Wind-blown wastes

= Wastewater discharge

= Agricultural soil disturbance
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Overview — Sampling & Analysis

» Considerations for selecting appropriate methods

» ITRC tools to help choose appropriate methods
« Sampling = Sample Collection Tool

= Analysis = Table 4-2. Characterization Techniques Summary

» Standard/adopted methods

» Minimizing sample contamination




CSM - Sampling & Analysis

Air
Section 3.4.3 sample collection
Section 3.6.3 sample preparation

Soil
Section 3.4.2.1-sample collection
Section 3.6.2 sample preparation

ITRC MP Figure 3-1

ERIS

ENVIRONMENTAL RESEARCH

Surface Water - Freshwater
Section 3.4.1.2.1-sample collection
Section 3.6.1.2-sample preparation

Sediment
Section 3.4.2.2-sample collection
Section 3.6.2-sample preparation

INSTITUTE OF THE STATES
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Selecting Appropriate Methods

» What are your data quality objectives?
=  sample media

particle size

minimum detectable amount

data needed (size, shape, polymer, units, etc.)

= equipment/cost available




Sample Collection Tool
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Standardized Sampling Methods

ASTM D8332-20 (July 2020)

u Dr|nk|n water, surface waters, wastewater influent and effluent
(secondary and tertiary), and marine waters

= Pump or existing sample tap + series of sieves

= Large volume (400 — 1,400 gallons)

California Water Boards (Yuen et al. 2022)
= Drinking water

= In-line sieve filtration

= Large volume (1,000 L)




Analytical Methods

Detects

i Detects
Additives .
/Surface Particles or

QIR Chemicals N

Analysis Identifies
Description Time/

Sample

Size Detection Measurement
Limit Preparation

* INTERSTATE
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INSTITUTE OF THE STATES

:

* AHOLVINDIY *

Visual Methods
NE Hours 1 mm Mone Mo Mo Particle
Maked eye
SM Hours 100 pm on filter MNa Mo Particles
Stereo microscopy
FM Hours S50 pm On filter MNa Mo Particles
Fluorescence microscopy (Possibly smaller

based on objective

ens used)

SEM Hours 0.007 pm an filter Ves Mo Particles
Scanning electron
microscopy
Spectroscopic Methods
FPA-FTIR Hours 20 pm Cn special filter Yes Mo Particles
Focal plane array-Fourier
transform infrared
spectroscopy (in

Excerpt From ITRC MP Table 3-1.
Characterization Techniques Summary




Analytical Methods - California

ITRC MP Table 3-1. Characterization Techniques Summary Excerpt

Analysis

Time/ Size Detection

Description Limit

Sample

Measurement
Preparation

Identifies

Types

Detects

Additives
/Surface
Chemicals

Detects
Particles or

Mass

FTIR Days
Fourier transform infrared
spectroscopy (in
transmission mode)

20 pm

On special filter

Yes

Mo

Farticles

Spectroscopy (Thearetically but
challenging to

achieve)

placed on filter

LIDR Minutes 20 pm Special Yes Mo Particles
Laser direct infrared particles/ microscope slide

spectroscopy hour

NIR, vizNIR Hours Unspecified on filter Yes Surface Farticles
Mear infrared spectroscopy, Chemicals only

visible-near infrared

spectroscopy

Raman Days T um Extraction and | All polymers Yes Particles

* INTERSTATE
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Recently, the California State
Water Resources Control
Board adopted FTIR and
Raman methods for MP
identification in drinking
water samples.




Keep it “Clean”

» Minimize contamination
= Eliminate or limit plastic products used for sampling/processing

» Set up a clean laboratory

» Account for contamination

= Collect air & procedural blanks to measure contamination introduced during
processing




Example Laboratory Considerations

Dedicated custom
designed gowning
room with airlock

Aluminum
ceiling tiles

Rigorous water
filtration

Three independent heating, ventilation, and
conditioning (HVAC) systems with paper-
high-efficiency particulate absorbing (HEPA)
filtration, which trigger positive pressure
when technician moves between exterior
hallway, gowning room, and clean room

Twice daily
cleaning with
HEPA-filtered

vacuum

ITRC MP- Figure 3-2

Source: A. Enright

Photos: Eurofins
EDLIS
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Summary — Sampling & Analysis

» Standardized sampling methods available for water
» FTIR & Raman analytical methods adopted for drinking water in CA

» For other media/scenarios, use ITRC tools to select methods

» Minimize & account for contamination




Question and Answer Break
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Overview

» Human Health
= Exposure

= Effects

= Uncertainties

» Ecological Receptors
« Effects

= Toxicity tools

= Interpretation




Increase in number of microplastics toxicity studies

¥ in vitro
B invivo

w
@
=
=
w
e
o
-
i8]
L0
=
=
=

n

ITRC MP Figure 1-4, Source: Coffin (2022)




Human Health — Exposures

» Multiple media and pathways for

Plastic Litterin

human exposure to MP

Industrial Activities

» Includes both plastics and associated
Fishing Humans
et y | chemicals (MP focus)
—
-': — » Magnitude of pathways varies by
' ﬁ Ingested T Trophic Tranefor population and locality
) by aquatic
organisms
’“ e » Current estimates: inhalation > dietary
Fragmﬂntmi_nn by — e ) "{:-, __ﬁ.;{\ . . . . . .
Morobial Processes e - x:"} ingestion > incidental ingestion >
Microplastics Aquatic Species .~
ITRC MP Figure 4-2 dermal

Source: A. MacDonald




Challenges in Toxicity Research

» Numerous non-human mammalian studies

available but usability varies <.-_~h.,r:.‘lf’“:1:.,ﬁm @
» Uncertainties due to study design, exposure e rolydismerse
Recommendations \\ pgrticle Toxicity
concentration, data quality, reporting, data ®
QO 0e®
gaps ) i\ Taw
» Exposure # Adverse health effect I Viro o n ive < .-L
®

dverse Outcome
Fathways

Source: Thornton Hampton et al. 2022
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ealth — Test Quality Ciriteria

Test Vehicla® 4

Test Species” 4
Statistical Analysis 1
Polymer Type*
Particle Source® 4
Particle Size® 4

Particle Shape* 4
Frequency/Duration of Exposura® 4
Endpoints* -

Controls® 4
Administration Route” 4
Administerad Dose® 3

Sample Size* 4

Criteria

Replicates 4

Concentration Linits 4
Feeding/Housing Conditions =
Dose-Response® 4
Concentration Range 4
Homogeneity of Exposure 4
Effect Thresholds® 4

Test Particle Relevance 4
Internal Dose Confirmation <
Particle Stability +

Surface Chermistry 4

Chemacal Purity 4

Microbial Contamination 5

=1
&n
5‘.
[
oh
[
L=

16 20
Number of Studies Passing

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES

B Minimum
B Desired

Source: Coffin et al. 2022




Human Health — Reported Etffects

» Most consistently reported

= Immune response, inflammation,
oxidative stress

= Heart, liver, metabolic, others

» Reported with high uncertainty

= Systemic, Organ effects

= Reproductive effects

= Gut microbiome




Microplastics Studies By Ecological Group

Scientific research on microplastics in freshwater wild biota

35 4
S s m lentic m lotic
@ J
]
5 257
B
- 20 -
o
o
€ 15 -
o
2
9 10 -
L
LL

0 ] oz 77 s

prokaryota - fungi plantae molluscs annelids  arthropods fish amphibians birds mammals
protista and (chlorophyta)
chromista
Taxa ITRC MP Figure 2-7

Source: Cera and Scalici 2021
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Factors Affecting Aquatic Toxicity

Particle Size

—

Smaller Larger

Physical Damage
* Food Dilution
* Gastrointestinal obstruction
* |Irritation/injury

Cellular Damage (Translocation)
* Inflammation

* Reactive oxygen generation

* Neurological

Surface Area Dependent Volume Dependent

ITRC MP Figure 4-3
Source: Microplastics Team, created using concepts described in Mehinto et al. (2022)




Influencing Factors

Cellular Damage Nutritional Deficiencies
» Size ranges matter » Microplastics mistaken as food
» Particles <83 pm have ability to translocate can cause nutritional deficiencies
= Fibers are the most commonly found due to food dilution
microplastic but are understudied with _ _
regards to tissue translocation » Preferential consumption of

particles by size, shape, color

Source: Mehinto et al. 2022
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Toxicity Microplastics Explorer (TOMEx) Application

Data Analysis & |
Visualization

4I
) ﬂ _,2'{ U i
‘ Risk Assessment & -

QOF

Toxicity Data

Future Research

~ e

ITRC MP Figure 4-4
Source: Thornton Hampton et al. 2022
https://microplastics.sccwrp.org/




Application of Aquatic Risk Threshold to San

Francisco Bay, Californio

< Thresholds
Investigative monitoring
Discharge manitoring
Management planning

F Source control measures

» Threshold 4

E
=]
E Tier 4 - Elevated Concern Suisun
@ Initiate mitigation strategies ——
= \. > 7]
5 ___________ — —p Threshold 3 =
= @ ) 2
& Tier 3 - Moderate Concern § 378N
B Investigate sources of contamination ®
- y, =l
2 I — _ —, Threshold 2
= a 37.6°N -
op (" )
E Tier 2 - Low Concern
E Increase monitoring frequency .

\, J ST
- T — —» Threshold 1 N

) 0\
Tier 1 - No Concern 37.2°N -
No action required
d Longitude (NAD83)
ITRC MP Figure A.1- 5 Source: Mehinto et al. 2022 ITRC MP Figure A.1- 6 Source: Coffin et al. 2022
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Case Study: Appendix A.2: Conseqgquences of Microplastics on
Various Ecological Endpoints in the Chesapeake Bay

.. Balfimore, MD

3 2
Washington, DC

vi: Py
e O
; s

ITRC MP Figure A.2-2 R : | ITRC MP Figure A.2-3
Source: NOAA L e Source: US Fish and Wildlife Service

ITRC MP Figure A.2-1
Source: NASA/USGS Landsat 5

73




Health Effects Summary

» Microplastics can and do exert adverse health effects due to

« their physical properties such as size and shape, and

= chemical properties such as their composition and other
associated chemicals

We still have a lot more to learn




Case Study - Step 3 — MP Receptors

» Identify the possible receptors (human

and ecological):

» Please use the chat function to type in
your answers




Case Study - Step 3 — MP Receptors

- v Possible Human and Ecological Receptors
= = Beach user = Fish

T - — — o

- Bay swimmer - Aquatic birds

= Agricultural worker - Aquatic mammals
= Factory worker - Vegetation

» Urban residents - Cattle/herbivores

= Local anglers - Soil invertebrates

Produce/crop consumers




Case Study — Step 4 — Next Steps

» Conceptual Site Model Development

» Develop Sampling and Analysis Plan




Today's Training Road Map
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Mitigation aﬁd Abatement
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Survey of State Regulatory Efforts

» Survey sent to states through ITRC points of contact
(June 2021)

» Key Results — Responses received from 25 states

= California, Texas, and New Jersey have sampled for
microplastics

= No states had regulatory criteria and only two states,
California and Pennsylvania, are looking at establishing
criteria

= Six states stated that they may establish regulatory criteria

ERIS

= N

A
State Survey - Sampling for Microplastics?

Slutes wlaling ey heww

State Survey - Regulatory Criteria
for Microplastics?

Slalea slating ihey hiwe

e eiban @ for microplaslics
17 T e,

regubalery cribeio b merosiaeie,

Sanes staling thay sight establish

ITRC MP Figure 5-1
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Regulatory Efforts - Examples

» Most states have focused on plastics in general

» Common efforts — recycling mandates; phase-out of plastic
single-use bags, restaurant utensils and food packaging
(primarily carry-out)

» Some states have banned local implementation of these types of

restrictions




Appendix C: Regulatory Context Tables

» Summary of statutes and regulations

» Tables for:
= State
= Federal

= International Regulations

= Macroplastics

Acrﬂﬁymﬁ and Abbreviations  State F‘rngrams Federal Programs International Macroplastics, etc. |
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State Regulatory Context

- Legislation or Executive | Program other than P T Description Date Added to Wehlinks
x Order - Column B | 7 - T " the table ™

Senate Bill Mo, 15302, Public Bans the use, sale, import or manutacture of synthetic microbeads for personal care httip v.cga cteoy) W15/ act/pa/pd 1/ 2015PA-00005

19 Comnecticut Act 15-5 Sec. 5 (2015) State Legislature Consumer Products products in the State of Connecticut 716/ 7021 | ROOSB-01502551-PA. pdf
Establishes a working group of representatives from both the retail and apparel industry

Substriute House Bill No. and the environmental community to foous on synthetic microfiber pollution. This

5360, Public Act 18-181 Sec. wiorking group i€ meeting to develop consumer awareness and education programs in s fanwe L pov AHESACT pafpdl/2012P4
20 Comnecticut 6 |2018) State Legislature Consumer Products order to present information regarding synthetic microfibers in clothing to the public. 7/6/ 202100181 - RODHEB-05360- PA. pdf

L) k

Acronyms and Abbreviations = State Programs | Federal Programs

International

Macroplastics, etc.

Sheell | ... @ o+ S

» Summarizes state statutes or regulations

» Provides links for more information
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International Regulatory Context

» Provides information on statutes and regulations from a number of

different countries

1 |ITRC Microplastics Team Material
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2 0/13,/2022
Date Added to
. Location | Legislation or Ellﬂ.lthllﬂl'dz Agency Z Program Area Z Description | the l‘.‘IHEZ Weblinks
Effective February 2020, the Act prohibites the manufacture
Irish Environmantal or sale of cosmetic and cleaning products containing
47 |Ireland Microbeads Frohibition Act 2019 |Protection Agency Consumer Froducts microbeads 1232021 | https:/ fwweweirishstatutebook.ie/eli/2019/act /52 fenacted/en/html
Bill to reduce use of Lrges voluntary action by companies to reduce plastic
43 (Japan microplastics [2018) House of Councillors Consumer products microbeads in cosmetics, facial cleansers and toothpastes 12/30/2021 | https:/ v nippon.com/en/newsyij201 2061500400/
Compendium of natienal and regional Strategies, Action
Latin American Plastic litter and microplastics Plans and Initlatives to monitor and manage plastic wastes
44 |countries waste management Varies by country All plastics and litter 9/14/2022|Marine_EN.pdf [unep.org)
Roadmap for Sustainable Lse of
45 [Sweden Plastics Swedish EPA All plastics General plan for plastics, including microplastics 1243/ 2021 | https:/visita.sefappfuploads 2021 /06/ Fardplan-Hallbar-plastanvandning eng.pdf
Legislation to prevent the spread hittpe:/ v loc.govitemglobal-legal-monitor2020-01-3 1/ sweden-parliament-votes-te-adopt-tax- l
46 |Sweden of microplastics Swedish Parliament Tax Tau on plastic bags, effective April 2020 1232021 |plastic-bags/
Swedich Madiral arnduets Ban nn nlastic micrnheads in cocmetic nendorts affactive httossf fassns kemi calanfmilac-and-reoulatinns/niles-annlirahle.in-sweden-anlul/rad ain-cuedich-re
« » .. Acronyms and Abbreviations  State Programs | Federal Programs  Intemational | Macroplastics, etc. | Sheetl | !... (@ Yy b




Case Study: Appendix A.1:

Senate Bill 1422: Adopt a
definition of microplastics in
drinking water

Adopt a standard
methodology to ftest drinking

water for microplastics

Establish requirements for four
years of testing and reporting
microplastics in water

California Approach for Microplastics

Adopt and
Implement a
Statewide
Microplastics
' Strategy

(Senate Bill 1263:

84
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Overview: Mitigation and Abatement

Prevention and Mitigation

V Remediation Technologies




The Best Defense Is Good Offense

» Preventing MP from entering
the environment “

Waste Management Hierarchy

Source Reduction & Reuse

Recycling / Composting

Energy Recovery

» More studies necessary to
achieve removal of MP in NN——
different media ﬁ\“/

Y
%

&,

ITRC MP Figure 6-3
Source: Adapted from USEPA.




Mitigation and Prevention Strategies

Section 6.1.1
Manufacturing &
Packaging
Section 6.1.2
Improving
production
efficiency

\& Y

A | » Reduction of plastic

packaging and increasing the
reuse

» Improvements in plastics
production at an industrial
level including life cycle
assessments (LCA)



LCASs to Limit Plastics in Use

i Consumers /
Product Design || Process Design | | ’
~ Production Prosumers
_______________________________________ ,: e e pmm———————— e \:
| g . Component & ) 5 I
: Fmaler'-ai Product — | Use&Service | |
. rocessing : ; .
| Manufacturing : !
[ Raw Material ] ; L |
Extraction ) | [
Recycling | . By
scone | i Upcycle Remanufacturing Reparing
P | Recycle & & -
I Downcycle : Refurbish Reuse Y End of Life
| r | |
| } Landfilling | |
| Other wastes/ | |
L produets ) | ITRC MP Figure 6-2
S — o Source: Cruz Sanchez et al. (2020)
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Mitigation and Prevention Strategies

Section 6.1.3
Reducing
Consumption

&+ L .« | » Reduce consumption of

plastics

= Product Substitution

= Education & Awareness



Mitigation and Prevention Strategies

» Source Collection and Post-Separation

Section 6.1.4 VS f | = i | Disposal
Improving Disposal 8 ' ' .
of Waste Reuse &/or Repurposing

Waste to Energy and Feedstock

Landfilling

vV v v VY

Bio-based and Biodegradable Plastic
Alternatives

v

Electronic Waste Recycling

» Enhancing
Distribution/Storage/Transportation

Stormwater Control



Mitigation Wrap-Up

A Prevention and Mitigation




Case Study, Appendix A.6: Washing Machine Filters
Reduce Microfiber Emissions to Aquatic Ecosystems

~1in 10D G.4 glint 1 mge lint ~ 1 — 14.1 billion Sipnificant
households caplured = 2R8-423 microlibers reduction ol
installed filters each week microtfibers captured microfibers at
{per household) per vear WWTP

Source: Erdle, et al (2021)




Abatement Strategies

Section 6.2.1:
Water

Section 6.2.2
Soil

Section 6.2.3:
Sediment

Section 6.2.4:
Air

Field Implemented

Demonstrated under full-scale
conditions at multiple sites, by
multiple practitioners and multiple
applications, and are well
documented in practice or peer-
reviewed literature

Developing Technologies

ITRC MP Figure 6-1

Researched at the laboratory or
bench scale, but have not been field

demonstrated




Estimation of MP Removal in Wastewater Treatment

Plants

100% MP
Preliminary Primary Secondary Effluent
Influent Treatment ‘ Treatment - Treatment 75-95% NP Removal
30-60% MP 45-75% MP 8-35% MP Tertiary
Removal Removal Removal Treatment Effluent
2-8% MP
’ 94-99% MP
Removal
Removal
Primary Secondary
Sludge Sludge

Sludge
Treatment

ITRC MP Figure 6-5 (Modified)

Source: Renee Lu, modified from Ali et al. (2021)
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Treatment Technologies by Media —

ITRC MP Tables 6-3 and 6-4

Table 6-3. Trealment tachiologies Tar MP in water

Table 6-4. Potantial treatment technologies far MP in soil

Treatment Treatment

Category Technology Advantages/ Efficiencies References

Traatmant Catagory Treatmant Techmalogy Madla Advantages! EMlclanciag Rafarances

Field Implemenied {for Selecl Mediz)/General Remedistion Technoko 5
F ! : o Developing Technology or Lab Scale
Rain garden (oizretention Stofmiwater LAP remigva Werbowskl gt 4l
e [2nz1) B Biodegradatior Han et
= Developing Technology or at Lab Scale ;
g ™
g 2
= Esadegradation E
Electrochemica SB% MP remaval efficiency Kiendrebeogo et al. (2021)
. oxidation and up to B5.&% with an Bl
- a
Davaleping Technology o at Lak Scale Juick treatment
Hu et 2l [20Z21) - time
sl i
a E
LT
=
[}
z
B EL?LII:".‘_EJE".I_LE
3 al. (2027 B N ) |
o it 5, Surface water, soil Huelal, (2021) = e
.
=
o
>
= General Technology
NCImeratian Sludgesbiosclids, soil, air Can be used for energy and
generation 20
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Treatment Technologies by Media —

ITRC MP Table 6-4
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Treatment
Technology

Treatment
Category

hnology of

Advantages/ Efficiencies

References

odegradation

=2

o]

=

o

. . z
Biolagical 3
=

(=]

—'

pen)

Surface water,
groundwater, wastewater,
marine, soil, sediments

75-99% MP removal efficiency

A consartium of arganisms can

be used as a treatment
strategy

Gan and Zhang (2019), Han et
al (2017), Hu et al (2021),
Pathak and Navneet (2017)

58% MP removal efficiency,

Kiendrebeogo et al. (2021)

Efctrochemica Surface water, 2021
offidation groundwater, marine, and up to B6.8% with an S
wastewater soll additional oxidant
Quick treatment
E time
E Particularly effective for MP
© and NP destruction and
effective for reducing MP size
and
mass and mineralizing NP
hermal (that is Surface water, soil 54% in MP weight loss for Hu et al. (2021) 1278l
yrolysis and catalytic advanced oxidation
gasification) process with hydrotherma
E hydrolysis.
7] .
£ General Technology <

cineration

=

Sludge/biosclids, soil, air

(Geyer, Jambeck, and
Lavender Law 2017)
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i
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Note:
Removal %
is based on
lab studies




Summary from Mitigation & Abatement

» Source reduction critical in reducing MP in the environment
» Improve disposal of waste

» Considering different strategies simultaneously

» EXisting treatment technologies have varied success

» Management of wastes produced during the treatment of MPs

» Further research on existing and new technologies is necessary




Today's Training Road Map

Introduction to Microplastics
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Regulatoj;rLy Context
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Web-based Document: ITRC MP-1

Ak A A S

Figure 1-1. Microplastics in the environment.

Source Jonathan MoDanald

hitps://mp-1.ifrcweb.org/

1.1 What Are Microplastics?

For the purposes of this document, MP

Warious onganizatons, agencies, and rasearchers have defined MP in diffzrent ways
are particles that are greater thar 1 nanormeter (nm) 2nd less than 5000000 nr (or & millimeters [rmml) - thess ongest
tances may hawve hesn aoded

Amensian and cansist of sohd palymenc matenals to which chemical additives or other
CA SWRCE 20720 ey Folyrnors that ane derbsed in nature [Tor axamplo, celluloss, arh

roging, vwagal, of Silk) that have

il besn chemically modfied [piher than by hydrolysis) ae excluded Trom e scope of this document Plaslic parlicles less
tran 1.000 nm in their kongest dimension ars alzo referrad to 2= nanoplastics (MNP}, as suczh, some, but not all, MF fall within the
range of MP defined hersin. Althcugh the definition of B P iz still being dzbated, t = accepted in scientific lterature that they
are produced by the fragrentation of WP {or larger particles), maasure betwsen 1 nm and 1000 nmon ength, ana
demarstrate a colkedal beavior Fhgune 1-2 shows The sizes of vaniows items that fall withe the MP size range, incuding 2
strand of DNA (approsimately 2.3 nrm), 2 red biood il (7.300-10,000 nm), & My ash partick (10,000-20,000 rem), the dismels
aof & human hair [(52,000-120.000 nm], and = drinking strawe (approximately 5,200,000 nm). This guidance document is nat
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Topics Covered

» Introduction to Microplastics

Introduction

» Environmental Distribution, Fate & Transport

Environmental
distribution, fate, and

transport » Sampling and Analysis

Sampling and
analysis

» Human Health and Ecological Effects

Human Health and
Ecological Effects

Regulatory Context > Reg u |at0 ry CO nteXt

Mitigation, Abatement,

and Best Management > } MltlgatIOn and Abatement

Practices
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Conceptual Site Model (CSM)

» Multifunctional Tool

= Overview Information

= Document Navigation



Section 7: Data Gaps and Future Research Needs

» Fate and Transport

» Sampling and Analysis
» Health Risks

» Trophic Transfer

» Ecological Exposure

» Mitigation and Abatement




Case Studies: Appendix A

» A.1: California Approach for Microplastics

» A.2: Consequences of Microplastics on Various Ecological Endpoints in the

Chesapeake Bay and its Tributary Estuary, the Potomac River
» A.3: Impact of Disposable PPE and Single Use Plastic Items During the Pandemic
» A.4: Nurdles Along the Gulf Coast

» A.5: Effects of 6PPD-quinone on Coho and Chum Salmon

» A.6: Washing Machine Filters Reduce Microfiber Emissions to Aquatic Ecosystems




ITRC Microplastics Outreach Toolkit

New 2023 ITRC Team
focused on developing an
“Outreach Toolkit” to aid
regulators and stakeholders
in communicating with the
public about Microplastics




Question and Answer Session
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