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EU determines MP 
present a risk
• Microplastic is a non-threshold substance for 

which no safe level exists
– “there is currently insufficient information to derive a robust 

predicted no effect concentrations (PNECs) for microplastics, that 
could be used to justify a conclusion that risks are adequately 
controlled”

• As part of decision considered: 
– Persistence
– Fragmentation
– Bioaccumulation
– “Practically impossible” to remove
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ECHA which oversees chemical management in EU

Surveyed a wide body of literature.  

there is currently insufficient information to derive a [sic] robust predicted no effect concentrations (PNECs) for microplastics, that could be used to justify a conclusion that risks are adequately controlled, either based on current exposures in the environment or exposures that are forecast to occur in the future 


Persistence 100s to 1000 of years 
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2015 we got a very small budget to look at microparticles in wastewater and surface waters
These results indicated that the Bay had concentrations among the highest reported in the literature

This was some of the baseline science that led to the Microbead Ban in 2015.

Convened a workshop in 2016 to discuss this issue with local stakeholders as well as leading national experts on the topic

This workshop led to the development of a microplastics strategy document and around the same time the Gordon and Betty Moore Foundation approached SFEI about wanting to fund further research on this topic.
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Remind folks that bivalve data are coming…..



Nomenclature
• Microplastic vs microparticle

– What is the difference?  Both < 5 mm.  
Microplastics are a subset of 
microparticles for which a secondary 
technique has been used to confirm they 
are plastic.

Microplastic
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Microplastics are plastic particles smaller than 5 mm. 
In contrast, the term microparticles is used for particles smaller than 5 mm that appear to be plastic. microplastics are a subset of microparticles for which spectroscopy or another technique has been used to verify that they are, in fact, plastic. Many of the microparticles extracted from samples collected as part of the San Francisco Bay Microplastics Project could not be confirmed as plastic, either because they were not examined via spectroscopy due to resource constraints, or because the presence of a chemical such as a dye prevented identification of polymer type. 

Not possible to conduct spectral analyses on all the particles.  



San Francisco Bay 
Microplastics Project:

Microparticles in Effluent



Many thanks to all the WWTPs!



Study Objectives

Quantify 
Abundance

Characterize
Composition

Evaluate 
Treatment

Estimate Loads
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Quantify the abundance of microparticles and microplastics in wastewater. �Characterize types of microplastic and chemical composition of particles found in wastewater  �MQ1 How much microplastic pollution is there in the Bay??
MQ3 What are the sources, pathways, loadings and processes leading to microplastic in the Bay?
Type and quantity linking to sources
Comparison relative to other pathways
Loadings 

MQ5 Which management actions may be effective for reducing microplastic pollution?
Types and quantity
Treatment  







Background

• Flow: 24 to 160 
MGD

• Secondary and 
tertiary treatment
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8 Facilities  --- Geographically distributed; half were secondary and half tertiary.  Representing 70% of flow into the Bay

Secondary – biological treatment followed by settling
Tertiary – variety of treatment trains but all used dual media filtration (sand and anthracite as finishing step)



Collection Methods

• Final effluent, two events

• 355 and 125 μm mesh 
screens
– Consistent with stormwater

• Total volume (24 hrs)
– 900 to 12,300 liters 
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Weekday sampling.  Flow around 1 to 2 GPM  (4 to 8 liters/min)

Summer and fall 2017;  a portion of the flow was monitored through a sampling port in most instances. Average volume of 4,900L


1 Field blank and lab blanks run every 10 samples  - 5 lab blanks in total 



Microparticle Abundance

Tertiary Secondary
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0.008 per liter (Palo Alto) to 0.2 per liter (SFPUC) (Table 2). 
Average of 0.063 microparticles per liter.   Good agreement with our previous pilot study – 0.086 microparticles per liter.  


Observations:  Tertiary plastics statistically significantly less MP than secondary

Highest counts in a facility that has a combined stormwater/ sanitary sewer




Composition: Fibers and Fragments   
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Fibers were most frequently identified; common observation in the literature  

Fibers (55%) Fragments (23%), Foam (14%), Film (4%), and Spheres (3%) 

Given the tremendous number of microparticles, it was not possible to conduct Raman/ FTIR on all the particles collected.  

Approximately 40% underwent spectroscopy.  
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55% anthropogenic unknown; 
Anthropogenic cellulosic – rayon, model – dyed
Then cotton


18% identified as plastic.
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PE 
Next is unknown cannot get a good match
Anthro unknown (dyed) 


Other includes nylon, polyamide, etc.



90 million microparticles/day

47 billion microparticles/yr

Tertiary Secondary
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90 million microparticles per day for the eight facilities.

Calculated concentration per day of event based on count and sample volume then multiplied it by daily flow 
8 Plants 70% of total discharge to the Bay
47 billion microparticles per year





Summary
• Abundance: microparticles were identified in effluent 

from all plants
– Fibers (55%) > fragments (23%) > all other morphologies

• Treatment: Secondary > tertiary facilities 
• Composition: Fibers

– Top category - Anthropogenic unknown (55%)
– Overall, 18% were identified as plastic

• Composition: Fragments
– Top category - Polyethylene (38%)
– Overall, 55% were identified as plastic

• Loads: In aggregate, 47 billion microparticles are 
discharged annually of which  21 billion are estimated 
to be plastic.   



San Francisco Bay 
Microplastics Project:

Microparticles in Stormwater



Thank you to BASMAA/STLS 
for making the microplastics 

stormwater sampling possible!
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Piggyback



Study Objectives

Quantify 
Abundance

Characterize
Composition

Develop 
Methods

Estimate Loads
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Sampling Sites
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Stormwater samples were collected at 12 sites distributed around San Francisco Bay. 
Sites were selected based on being able to piggyback, 
drainage area (5 sq km - 323 sq km), 
and in order to get a wide distribution of urban and non-urban land uses. For example, the total urban area within the watersheds ranged from 9% - 98%
Sites that correlate with Bay fish and sediment sampling (e.g., San Leandro Bay sites near the Coliseum and the Lower South Bay Guadalupe site) were a high priority for sampling. 
�



Microparticle abundance 
(microparticles/L)

Presenter
Presentation Notes
1.3 to 30 MP/L

0.06 for wastewater

Compared to other studies in the literature, these concentrations are much much greater than most but this may be due to the sampling methods in which other studies often use larger sieve sizes and sample during the dry period.
�



Fragment

Fiber

Fragments and fibers dominate shape 
distribution
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Nearly the entire dataset (98%) was either fiber (39%) or fragment (59%).  This supports the conceptual model that fibers are everywhere, and fragments are particularly abundant in stormwater (as opposed to wastewater). This distribution is the opposite from wastewater in which fragments were about 23 % and fibers 55%.



63 - 90% of microparticles
spectroscopied were plastic
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A total of 872 microparticles (7% of the total) were further characterized using chemical spectroscopy (Raman or FTIR, Figure 5). 
63% of these microparticles were identified as plastic.
Rubber fragments, identified via spectral matches to either styrene-butadiene or carbon black, dominated the chemical composition, accounting for 23% of the particles examined. 



47% of microparticles collected 
were rubber fragments
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Could identify rubber fragments even without spectroscopy

Kole et al (2017) evaluated the literature available on tire wear and tear and estimated 4.7 kg/year/capita for this country. 
Bay Area population of 7.7 million people ----->  36.2 x 10^6 kg/year. 

Not all of that will reach the Bay through the small tributaries, but you can see how tire wear and tear can make up a significant proportion of the total microparticle load to the Bay.
��
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Relationships among individual land uses and combined urban and non-urban land uses were evaluated relative to total particle concentrations using linear regression. 
Particle concentrations were significantly and positively correlated with percent industrial area. This correlation was significant even with the outlier from Line 12M removed (p = 0.012). 
A positive correlation was evident with urban area, while negative correlations were evident with open space and non-urban area.
�



Annual Flow      x      Loading Coefficient Microparticle load=

Regional Watershed Spreadsheet 
Model used to estimate loads
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Used RWSM to estimate loads to Bay.
Model has been developed by RMP over the last several years to enable estimation of PCB and Hg loads to the Bay.
We’re now applying it to microplastics.

Flow and loadings coefficient calibrated based on land uses�



10.9 trillion microparticles to SF Bay 
annually; 63-90% of that is plastic
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11 trillion MPs annualy

Two-thirds is plastic
Three-quarters estimated to be exported by industrial areas.

Total load is 230x greater than the estimated annual input from wastewater.
�



Summary

• Abundance: 
• Higher concentrations than wastewater

• Composition:
• Fragments and fibers dominate
• Rubber fragments almost half the load

• Loads:
• Industrial areas = disproportionate loading
• Stormwater loads >200x wastewater loads



Any questions?
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