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San Franusco Bay I\/Ilcrop\astlcs
From Comprehensive Data to

Scientifically Supported'SdIutions

Ezra Miller, PhD
Environmental Scientist, San Francisco Estuary Institute




Before | get started...

| am trans! My pronouns are ze/zir/zirs or singular they/them/theirs.
Please do not use she/her pronouns to refer to me.

‘| saw Ezra’s talk at the GETA symposium.
Ze talked about zir work on microplastics in the environment.”
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AQUATIC &
SCIENCE &
CENTER

SAN FRANCISCO ESTUARY INSTITUTE & THE AQUATIC SCIENCE CENTER

* Non-profit and JPA

* Approx. 60 scientists and
technologists

Mission: Provide
scientific support and
tools for decision-making
and communication
through collaborative

efforts




Science to Inform and Advance
Environmental Protection

Performing cutting-edge research and Communicating and
routine environmental monitoring directing future research




Local data support state-wide action

Marine Pollution Bulletin
Volume 109, Issue 1, 15 August 2016, Pages 230-235

ELSEVIER

Microplastic contamination in the San

Francisco Bay, California, USA California Assembly Passes Historic Law to
Rebecca Sutton *2 B, Sherri A. Mason B, Shavonne K. Stanek * 2, Ellen Willis-Morton 2, lan F. Wren €, Remove PIaStic MicrObeads from Personal
Carolynn Box 4 Care PrOdUCtS

3 By Stefanie Spear | May 24, 2014

CONTRA COSTATIMES

NEWS

News -~ Business~ Sporis ~ Entertainment - Lifestyle ~ Opinion ~ Obituaries ~ My Tq

HOT TOPIC §: Scott Walker Emmy winners  Tesla Model X  Carsonvs. Muslims  Record heat  $1,30(

Home Mews Breaking News

Plastic pollution: Billions of pieces of
tiny plastic litter found in San
Francisco Bay

By Paul Rogers progers@mercurynews.com




What are microplastics?

Micro
Smaller than 5 mm




Monitoring environmental microplastics

Extract particles Use visual observation === FTIR / Raman spectroscopy to
from samples > to classify and count confirm plastic identification
indiViduaI partiCIES that Partions ®5TJapan, ©@Nicodom, 2014
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Microplastics are extremely diverse!

Morphology

Chemistry

Fragments

Fibers &
Fiber Bundles

Spheres/Pellets

Films

{ Polymer

PA
SAN

HDPE PMMA PEEK

PP PS
LDPE ABS
PVC POM

PU PBT
OET PC

PSU
PU
etc...

Additives

Plasticizers
Colorants
Reinforcements
Fillers
Flame retardants
Stabilizers
etc...

Eco-toxins

PCBs
PAHs
DDT
Heavy metals
PBDEs
etc...

Color

Red Black
Orange Grey
Blue

Brown Green
White etc...

etc...

Morphology and chemistry give us clues to source




2016-2019 Ocean & Bay
Comprehensive ~ Menitoring
Monitoring

/ i Pollution Pathways

Wastewater

“Sediment

Stormwater

}

Transport Model




Central

Trawl Sample

Dry Season

Wet Season

Bay

Manta trawls = most widely used
method to sample surface water

Limitation: fibers and small particles
can escape through 335 um mesh net
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Monitoring Data = Transport Model

Rising

Passive

Sinking

CENTER ror
Ml WATERSHED SCIENCES



Particle Tracking: Currents + Particle Buoyancy

RED: Rising, 5mm/s
GREEN: Passive

BLUE: Sinking, 5mm/s



Pathways: Stormwater

Sampled 11% of total runoff to SF Bay

* 47% of particles were black rubbery
fragments, likely from tires




What are the loads to SF Bay?

10 9.2
X annual volumes discharged
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Stormwater Wastewater

0



Wastewater 17 billion

Stormwater 7 trillion

estimated microplastics discharged to SF Bay annually

Stormwater load is 300 times greater
than the wastewater
load to the Bay
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Fibers: Air is a major transport pathway.
Major outdoor sources are still unclear.

URBAN ATMOSPHERIC AGRICULTURAL
RUNOEF DEPOSITION WASTEWATER RUNOFF
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Tires chemical leaching can cause acute toxicity

Ozone in air

mmm) 6PPD-quinone ,-:

Tire ingredient In urban runoff

6PPD

Coho salmon fish kills

Tires and the : Chemical ingredients are an
Chemicals Chemicals important part of

they contain microplastic transport and
exposure

Tire

Particles

Tian et al. 2021, 2022



Linking science to solutions




CA Department of Toxic Substance Control
Proposed Regulations

?DTSC

Subtances Contre HazardousWaste ~  SiteMitigation~  Safer ConsumerProducts= Chemistry~ Getlnvolved~ Laws&Regulations~ AboutDTSC~ Search

News Release

T-07-22
Meredith Williams, Director

FOR IMMEDIATE RELEASE Contact: Sanford (Sandy) Nax
May 23, 2022 (916) 416-4309
Sanford.Nax@dtsc.ca.gov

California Proposes Requiring Tiremakers to Consider Safer Alternative to Chemical
that Kills Coho Salmon



Legislative focus on microplastics

California Senate Bill 1422 (2018): Microplastics in Drinking Water

» Develop plans for measuring microplastic particles in drinking water by 2021

California Senate Bill 1263 (2018): Statewide Microplastics Strategy

By 2026 N—_“

* Develop risk assessment framework “L;.;.R"; 30A

» Develop standardized methods Statc ater Resources Control Soard

. Establ_lsh baseline occurrence data OCEAN

* |[nvestigate sources and pathways PROTECTION
- Recommend source reduction strategies COUNCIL




Tires

SOURCES IN THE URBAN ENVIROMMENT

WHOLETIRES "'l—l" TIRE-DERIVED PRODUCTS NON-TIRE RUBBER

¢ Cigarette

butts &
| cellulose
acetate
fibers

Fibers
(other than
cellulose
acetate)

Single-use
plastic
foodware




PREVENTION

- . Product :
it e elormuiation  OnD e
rechlwe tox?c ® : Blﬁg; ;a:gr reviegw systems
ingredients Products (e'sg(:.'r gners)en
Regulations

Reduced tire
abrasion (wear)
rate standard
(EU option)

Reduce wear
debris formation

( Y
Management options for tire
wear particle pollution, framed
on a scale from preventative
(reducing use and release) to
remediative (collection and
removal) measures. Options are
color-coded by who would be
responsible for implementation.

Reduce wear .
debris emissions

Collect (portion
of) wear debris

(R R N R R R R N R RN A NN

Key

Tire Manufacturer Action

Remove wear
debris/tire .
contaminants
from runoff

\ S

REMEDIATION

*Department of Toxic Substances Control | “Vehicle Miles Traveled



Qe S
Estapjished 1965

» EXperts convened to assess current literature and develop a
risk framework and approach for developing thresholds

e - ——————__, Threshold4

'3 “
IR Group Tier 4 - Elevated Concern

8 Algae Initiate mitigation strategies

& S Ress—————————raaa—- — —» Threshold 3
< - & Crustacea

@ & Echinoderm & R

B Fish Tier 3 - Moderate Concern

& ¢ Mollusca Investigate sources of contamination

>y
___________ — —» T'hreshold 2
s ~

Increasing Microplastic Concentrations

P~ . S Tier 2 - Low Concern
. TOXIC'.ty Of 10° 10° 10* 10° 1.';'.:'5' 10" 10" 10™ 10" 10" Increase monitoring frequency
Microplastics Explorer particles/L —_— /., Threshold 1
(" ™
Tier 1 - No Concern
No action required
\, J

Thornton-Hampton et al. 2022, Microplastics and Nanoplastics; Mehinto et al. 2022, Microplastics and Nanoplastics



What we know about toxicity to aquatic life

« Size and shape matter

« Aquatic organisms respond more negatively to fibers / fragments than
spheres

« Can affect ingestion, accumulation, translocation within organism (size
cut off still uncertain)

* Polymers across sizes and shapes can cause oxidative
stress

 Exposure to microplastics = cells often produce reactive oxygen
species that can cause structural damage

Mehinto et al 2022, Jacob et al. 2020, Bucci et al. 2019, Covernton et al. 2019, Choi et al. 2018, Qiao et al. 2019, Ziajahromi et al 2017, Koelmans et al. 2015, Velzeboer et al. 2014



1?

< Thresholds )

[ Investigative monitoring Ihl{

¢ Discharge monitoring .

A Management planning

v Source control measures
'

38.4°N

Microplastics #s
in SF Bay -
indicate cause

for concern

K

-

‘
3"
£
7
L v

37.8°N

Latitude (NAD83)

37.6°N
> Threshold Four-

> Threshold Three-
> Threshold Two+ 37.4°N
> Threshold One+

< Threshold One-

0% 25% 50% 75% 100%  37.2°N
Percentage of Samples Exceeding Threshold

123.0°W 122.5°W 122.0°W 121.5°W
Longitude (NAD83)

Coffin et al. 2022, Microplastics and Nanoplastics



Estimated number of papers

We are learning more every day;
microplastics research is skyrocketing

All Particle Types

1200 — ) Microplastics
" Nanoplastics
1000 —
800 —
600 —
400 —
200 |£ C By
2oy 5 i 4
0 7 o Sl =
Response Ingestion Water Response Ingestion
1980-2010 2010-2019

Granek, Brander, Holland 2020, Lim Oce Lttrs

Water

Tire Particles
Results pgr 100,000 citations in .Plu.bM{.et.i. |

10

results per 100,000
wn

ﬂ_hi’g&m-

1990 1994 1998 2002 2006 2010 2014 2018 2022

Year

Made with PubMed by Year: hitp://esperr.github.io/pubmed-by-year

ire AND chemicals

ire AMD particles

ire AND toxicity

ire AND microplastic



Thank you to our funders and collaborators!
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Questions?

www.sfel.org/projects/microplastics

ezram@sfel.org
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http://www.sfei.org/projects/microplastics

