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Workshop Agenda

● Background

● Street Sweeping

○ Quantify reduction of MP in simulated rainfall events

○ Optimize pickup efficiency of MP

○ Evaluate annual interception of MP

● Trash capture devices 

○ Evaluate generation, capture, and pass through of MP  

● Engagement

○ Engage stormwater managers, Public Works, NGOs,   
and the public to translate MP research into outreach 
and curriculum

● Q&AMP = microplastic



● City of Santa Barbara
○ Jill Murray, Laurie Van De Werfhorst, Caroline Shepherd

● University of California, Santa Barbara (UCSB)
○ Patricia Holden, Dong Li, Amanda Strom

● San Francisco Estuary Institute (SFEI)
○ Alicia Gilbreath, Jennifer Dougherty, Kayli Paterson, 

Rebecca Sutton, Tony Hale, Kelly Moran, Diana Lin
● Moore Institute for Plastic Pollution Research

○ Win Cowger, Hazel Vaquero, Shelly Moore 
● Southern California Coastal Water Research Project (SCCWRP)

○ Elizabeth Fassman-Beck, Danhui Xin
● WSP USA, Inc.

○ Theodore Von Bitner, Katelynn Webb
● Cascade Water Resources & WorldSweeper.com

○ Roger Sutherland and Ranger Kidwell-Ross
● University of Southern California Sea Grant

○ Sydney Rilum, Karla Heidelberg, Amalia Almada

Clean Streets, Clean Seas Project Team



What are Microplastics?

Graphics: Timnet Kefela (U. Arizona)



What are Microplastics?



The Microplastic Pollution Problem

Microplastics are everywhere!
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What do microplastics look like?



Sources of microplastics, release routes and sinks

Graphic: Pirjo Tyrväinen, Well with Nature / European Environment Agency



Environmental Impacts

Photos (top to bottom): Kampee Patisena, NOAA Fisheries,  
Chris Jordan, Korea Inst. of Ocean Science and Technology Graphics: NOAA Marine Debris Program



Environmental Impacts

Graphic: Weis & Alava 2023



Global Plastic Production



Global Plastic Production

OECD (Organisation for Economic Co-operation and Development)



Why Microplastics Interception in Stormwater is Urgent

● Runoff from impervious surfaces dominates transport of MP 
to ocean (Sutton, 2019; Moran, 2021)

● Marine ecosystems will be harmed (Isobe et al. 2019) 

● Tire wear particles harm salmon fisheries 

● Impervious surfaces increasing (Theobald et al. 2009)

● Long term solutions: product bans, producer responsibility, 
and infiltration (CA Ocean Protection Council and NOAA, 
2021)

● California’s Trash Amendment targets trash > 5 mm



California Trash Amendments

● GOAL: 100% trash-free stormwater by 2030

● Requires 100% interception of trash > 5 mm 

● Track 1: Full Capture Devices installed in 
storm drains

● Track 2: Treatment controls, institutional 
controls, and/or multi-benefit projects

Catch Basin
Does NOT address microplastics!



How are microplastics transported in stormwater runoff?

6PPD quinone 



It’s not easy! Sampling and analytical methods are laborious and expensive

How are microplastics quantified?



Street Sweeping Study #1 - Approach

Objective: Quantify street sweeper 
reduction of microplastic 
concentrations in simulated 
rainfall events

Pilot Project 

● Develop a reliable method to measure a 
difference in runoff water quality between 
swept and unswept pavements

● What is the pollutant concentration 
reduction in runoff due to street 
sweeping?

Rainfall Generator & Runoff 
Collection System



Street Sweeping Study #1 - Methods



● Reliable method
● Microplastics reduced in runoff after sweeping
● Limited number of samples in pilot study
● Two controlled field studies underway:

○ SoCal Stormwater Monitoring Coalition: 10 sites 
tested 2025-2026, MP results pending

○ Los Angeles Safe, Clean Water Program: 10 sites 
to be tested 2026-2027

Tiernan et al. (2025) Design of a Mobile, 

Field-Scale Rainfall Generator for Urban Runoff 

Water Quality Studies. Journal of Irrigation and 

Drainage Engineering. 151(4). 

https://doi.org/10.1061/JIDEDH.IRENG-10507

Street Sweeping Study #1 - Results

Microscopy of the 
63 µm fraction



● Street sweeper industry provided 6 sweepers 
(5 operators)

● 3 mechanisms 
● 2 speeds (5, 10 mph)
● 5 microplastic types, street dirt recipe

 Simulant removed by street sweeper = Simulant applied – Simulant remaining (vacuumed)

Pickup Efficiency (%) = 100* Simulant removed /Simulant applied 

Objective: Optimize street 
sweeper pickup efficiency for 
interception of microplastic

Street Sweeping Study #2 - Approach



Street Sweeper Types 

Mechanical Broom Regenerative Air Pure Vacuum



Sample size: ~200 g of simulant 
Sieve sizes: 20, 63, 125,  µm, 125 µm
Particle and Polymer Identification: stereo microscopy, OPTIR in progress

Street Sweeping Study #2 - Methods



● Street sweeping removed microplastics (85-95%)
● Significantly higher for most MP than dirt (p<0.05)
● Significantly higher for 63-um TWP than dirt (p<0.05)
● Slower speed increased pickup by ~10% for broom and regenerative air 
● Vacuum >> regenerative air >> mechanical broom 

Street Sweeping Study #2 - Results

Average Pickup 
Efficiency (n=13)



Street Sweeping Study #3 - Approach

Mission Creek
Santa Barbara, CA

Objective: Determine the ability of street sweeping to intercept microplastic 
and reduce stormwater loads of microplastic on an annual basis



Creek Water
● Targeted 3 dry dates and 3 storms
● Upstream, downstream sites
● Composite over rising and falling limbs of 

hydrograph
● Sample size 100L water (moved intake 

throughout water column and near streambed, 
not bedload)

● Sieve sizes: 63, 125, 355 um
● Laboratory digestion: Fentin
● Microscopy: Stereomicroscopy for count, size, 

color, shape
● Polymer Identification: OPTIR (in progress)
● Tire Wear Particle: by color and texture

Street Sweeping Study #3 - Methods



Street Sweeping Study #3 - Methods



And 3 dry dates

Street Sweeping Study #3 - Methods



Street Sweeper Debris
● Street sweeper- 14 L sample, composite of debris 

from each day
● Sieve sizes: 63, 125, 355 um
● 12 dates
● Laboratory digestion: Fentin
● Microscopy: Stereomicroscopy for count, size, 

color, shape
● Polymer Identification: OPTIR (in progress)
● Tire Wear Particle: by color and texture

Street Sweeping Study #3 - Methods



Street Sweeping Study #3 - Results

MPs in Mission Creek
● Low in dry weather, higher in 

storms
● Downstream site higher 
● Rising limb of storm higher
● 10% are Tire Wear Particles 
● Caveat - TWP in bedload

Creek Water Samples

Medium 
storm

Large 
storm



Street Sweeping Study #3 - Results



Street Sweeping Study #3 - Results

● All shapes, colors, and size increase going downstream



Street Sweeping Study #3 - Results

Most Common Microplastics 
in Creek Water Samples

● 6 categories account for 94% of 
all MPs

● 125-um blue fragments = 35%
● Source? OPTIR results coming



Street Sweeping Study #3 - Results

● Blue fragments highest by input numbers and proportion, except first 
small storm

● Blue fragments keep coming, other particles drop out



Street Sweeping Study #3 - Results

MPs in Street Sweeper Debris
● Highest before wet season
● 97% are Tire Wear Particles
● All size classes similar



Street Sweeping Study #3 - Results

MPs in Street Sweeper Debris
● Highest before wet season
● 97% are Tire Wear Particles
● All size classes similar



Street Sweeping Study #3 - Results

Combo % of "Other"

Orange Fragments 39%

Red Fragments 18%

Blue Fragments 17%

Green Fragments 12%

White Fibers 8%



First estimate of annual street sweeping on impact on MP removal 
● Approx. equal number of TWPs removed by street sweeping 

and discharged to creek 
● Approx. 1% as many colored MPs removed compared to 

discharged
● Likely due to concentration of TWP in street
● Caveat - did not measure transport

Street Sweeping Study #3 - Results



Street Sweeping Study #3 - Results

https://claude.ai/public/artifacts/ccbf8d69-67d3-44b6-9872-7d9c1fee63fa 

(Chocolate Sprinkles)

https://claude.ai/public/artifacts/ccbf8d69-67d3-44b6-9872-7d9c1fee63fa


Street Sweeping Study #3 - Results

Rainbow Sprinkles

https://claude.ai/public/artifacts/ccbf8d69-67d3-44b6-9872-7d9c1fee63fa 

https://claude.ai/public/artifacts/ccbf8d69-67d3-44b6-9872-7d9c1fee63fa


Trash Capture Devices

Is microplastic generated 
by tumbling litter? 

Objective: Evaluate whether trash capture devices 
generate, capture, or pass along MP



Trash Capture Device Study

Stormwater 
Sampling at 

Inlet and 
Outlet 



Trash Capture Device Study

Different 
types of 
devices 
sampled

Drop Inlet (above)

Continuous 
Deflector System 
(CDS) Hydrodynamic 
Separator (left)

Connector Pipe 
Screen (CPS) (right)



Trash Capture Device Study

Stormwater Sampling at 
Dana Point 



Trash Capture Device Study

Stormwater 
runoff 

samples 
collected with 

sieves 

Sample volume: 20 - 40 L stormwater runoff
Sieve sizes: 50 µm, 125 µm
Particle and Polymer Identification: FTIR (in progress)



Engagement & Education

Objective: Engage stormwater managers, Public Works groups, 
non-governmental organizations, and public audiences to maximize 
impact and innovation of research approach and findings

Technical Advisory 
Committee

Education & Engagement 
Working Group

Street Sweeping 
Notifications & Alerts

Guides research and 
technical application 

Connects research with 
educators and students

Helps residents comply with 
street-streeping schedules



The TAC is made up of representatives from:

● California State Agencies
○ CalTrans District 4 (Daisy Laurino)
○ Los Angeles Regional Water Quality Control Board (Ivar Ridgeway)
○ Ocean Protection Council (Kyla Kelly)

● California County & City Public Works
○ Orange County Public Works (James Fortuna)
○ City of Los Angeles, Watershed Protection Division (Jon Ball)
○ City of San Diego, Stormwater Division (Kellyn Baker)

● Consulting Firms & Specialists
○ Geosyntec Consultants (Brandon Steets)
○ Herrera Environmental Consultants (Dylan Ahearn)
○ Inland Engineer Consultants (Yaneth (Janet) Rodriguez Livesey)
○ University of Nevada, Reno, Hydrology/Microplastics PhD student (Rachel Kozloski)

Technical Advisory Committee (TAC)



Street Sweeping Notifications

Text alert system to help Santa Barbara residents 
comply with street sweeping schedules
● Reminds residents when to move parked vehicles 

on selected streets
● Alerts users of street sweeping schedule changes
● Goal: Reduce parking violations and improve street 

sweeping effectiveness



Education & Engagement Working Group (EEWG)

San Francisco / Bay Area:
● Ecole Bilingue de Berkeley (French-American Bilingual School) - George Speckman
● San Francisco Marine Science Institute - Kyrie Vesley
● San Francisco State University - Stephanie Sisk-Hilton

Santa Barbara / Ventura:
● Explore Ecology - Veronica Lee
● Santa Barbara ChannelKeeper - Penny Owens
● MERITO Foundation - Rocío Lozano Knowlton

Los Angeles:
● Marine Biologist and Environmental Steward - Jennifer Kolbauer
● Pasadena City College - Jillian Blatti
● Generation Earth (TreePeople) - Maria Adame



City of Santa Barbara Creek Week

Hosted a Microplastics Talk & Watershed 
Activity during City of Santa Barbara’s annual 
Creek Week in 2025!



Curriculum Series Development

Elementary, Middle, & High School level 
curricula in-progress:

● 4th-5th grade: Adapted watershed 
lesson to include microplastic pollution 
and street sweeping

● 6th-8th grade: Adapting “Watersheds 
to Whales” lesson from NOAA Marine 
Sanctuaries

● AP Environmental Science: 
Developing a tire-wear particle &     
coho salmon case study with 
integration across APES unit curriculum 

Curriculum series and other reports/resources will be publicly 
accessible on our project page by spring/summer 2027! 

https://dornsife.usc.edu/uscseagrant/clean-streets-clean-seas/ 

https://dornsife.usc.edu/uscseagrant/clean-streets-clean-seas/


Curriculum Series - Elementary Watershed Lesson

4th & 5th grade watershed lesson:
● Adapted watershed lesson to include microplastic 

pollution and street sweeping concepts



Curriculum Series - Middle School Watershed Lesson

6th - 8th grade watershed lesson:
● Adapted from NOAA’s Office of National Marine 

Sanctuaries’ “Watersheds to Whales” lesson
● Includes topics: watersheds, runoff, pollution transport
● Students build 3D models/maps of a watershed and 

observe flow of water
● Replace oil/food coloring with simulated tire wear 

particles and microplastics
● Additional thought questions (e.g.,  “where would a 

street sweeper interrupt this pathway?)



Curriculum Series - AP Environmental Science (APES)



Curriculum Series - APES Case Study



Curriculum Series - APES Case Study

YouTube 
Link

http://www.youtube.com/watch?v=vxmojuC_dJE
https://www.youtube.com/watch?v=vxmojuC_dJE
https://www.youtube.com/watch?v=vxmojuC_dJE


Curriculum Series - APES Case Study

Benefits:
● Touches on eight APES units
● Addresses five APES Science Practices
● Is interdisciplinary in nature – ecology, biology, 

environmental chemistry, watersheds, hydrology, 
stormwater BMPs, and policy

● Involves an impact all of us contribute to and is engaging 
to teens – driving

● Focuses on salmon but can be adapted to impacts on 
other species

● Shows the scientific process up close, describing how 
researchers learned which chemical is doing the 
environmental damage

● Includes many opportunities for quantitative practice
● Is contemporary and relevant
● Environmental scientists are working on solutions right now 

- you can follow this story and add more content 



Curriculum Series - APES Case Study

● Rigorously checked and re-worked generative AI. 



Summary & Next Steps

● Multiple lines of evidence support street sweeping for microplastic interception
○ Leverages BMP already used by Public Works departments nationwide 
○ Suggests greatest benefit from regenerative air sweepers driven at slow speed with vacuum
○ Addresses particles < 5 mm not captured by California Trash Amendment requirements
○ Reduces transport of microplastics from streets to aquatic ecosystems
○ Targets capture of tire-wear particles, helping protect fisheries

● Next Steps
● Complete sample processing & catch basin sample collection
● Synthesize results & expand outreach (Master’s Group Project, disseminate curricula, public 

presentations)



Plastics will continue to increase



Thanks for 
listening!

Sydney Rilum
rilum@usc.edu

Questions?

Jill Murray
jmurray@santabarbaraca.gov


