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Presenter
Presentation Notes
Dear Assembly Members, thank you for inviting me to speak on this very important topic. My name is Dr. Scott Coffin, and I am a research scientist with the California State Water Resources Control Board. I'm here to talk to you about the State Water Board’s implementation of Senate Bill 1422- Microplastics in Drinking Water and some relevant components that connect to this issue. By the end of this talk, you’ll understand three things: that plastic does not just ‘go away’, human health effects are not fully understood- but we are rapidly learning more, and that the work we are doing through this bill implementation will allow for more concrete action and solutions.
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Presenter
Presentation Notes
The plastic waste crisis has recently gained attention in the media. Everywhere we look we find these synthetic particles, from the deepest part of the ocean to the tallest mountain.  �



Plastic Pollution Increases Exponentially

Lebreton & Andrady, Palgrave Comms.  (2020). 3
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Presentation Notes
If we continue with business as usual, we will double the rate at which plastic enters the environment by 2030. �



Plastic Breaks Down and Enters Surface Waters

4World Health Organization (2019)

Presenter
Presentation Notes
Plastic degrades in the environment into smaller particles called “microplastics.” Plastic particles may contaminate water through multiple routes, including stormwater, wastewater, and atmospheric deposition. Once in water, microplastics may sink and become sediment, as well as get resuspended into the water column, where they may be taken up into drinking water treatment plants.



Freeman et al (2020). Journal of Environmental Management

Wastewater Removes 88-99% of Microplastics

Presenter
Presentation Notes
It’s important to note that wastewater treatment plants are generally highly effective at removing microplastics, with removal rates of 88-99% into sludge, as shown in this diagram. Removal rates vary by treatment processes, as shown here. You may be wondering, where does this sludge go?



Some Sludge Applied as Biosolids

Biosolids applied to an agricultural field in 
the Central Valley, CA

Biosolids application from
LA County Sanitation District

Images: LACitySan.org
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Presentation Notes
After processing, a portion of sewage sludge is converted into biosolids, which are nutrient-rich organic solids that are often applied to land for growing crops, composting, or deep-well injection to produce renewable energy.



Microplastics Concentrate in Agricultural Soils

Photo: Kumar et al. (2020). Environmental Pollution
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Presentation Notes
Due to their buoyant nature and persistence in the environment, microplastics accumulate in top-soils and are found at high quantities in fields with applied biosolids.



Plants Uptake and Accumulate Nanoplastics

Sun et al. (2020). Nature Nanotechnology. 8

Microplastics

Control
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Presentation Notes
Plants may uptake and accumulate small microplastics through their roots, as visualized by these green fluorescently-labeled microplastics.



Nanoplastics Reduce Plant Growth

Sun et al. (2020). Nature Nanotechnology. 9
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Presentation Notes
Exposure to microplastics causes reduced plant growth due to root damage.�



Hernandez-Arenas et al. (2021). Environmental Pollution

Microplastics Decrease Tomato Production

Presenter
Presentation Notes
At high concentrations, microplastics have been shown to decrease tomato production. Based on this evidence, it is clear we cannot depend entirely on wastewater treatment to solve the issue of microplastics pollution, as doing so may create additional problems with accumulation in agricultural fields, which may threaten food security.



83% 94% 72% 76%

82% 94% 81% 75%

11Orbmedia.org

Presenter
Presentation Notes
Due to the widespread contamination of microplastics, it is unsurprising, yet startling, that the first study to monitor for microplastics in tap water found such particles in 83% of samples worldwide, and 94% in the United States.



California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Health-based guidance level
•Four years of testing 

De
ad

lin
es

12

Presenter
Presentation Notes
These findings caused concern for potential impacts to human health, and prompted the legislature to pass Senate Bill 1422, which requires the State Water Board to define microplastics by July 1st, 2020, then adopt a standardize analytical method, provide accreditation for laboratories, consider adopting a health-based guidance level, and perform four years of testing analysis by July 1st 2021.
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Presentation Notes
Defining microplastics is no trivial task, as this contaminant suite includes particles of different shapes, sizes, colors, associated contaminants. 



Official Definition:
‘Microplastics in Drinking Water’

‘solid polymeric materials to which chemical additives or other substances may 
have been added, which are particles which have at least three dimensions that are 

greater than 1 nanometer and less than 5,000 micrometers. 

Polymers that are derived in nature that have not been chemically modified (other 
than by hydrolysis) are excluded.’

Size-Based Classification 
Nanoplastics

1-100 nm

Sub-micron 
Plastics

100-1000 nm

Small Microplastics
1-100 µm

Large 
Microplastics

100-5000 µm

Mesoplastics
5-25 mm

Macroplastics
>2.5 cm

10-5 10-4 10-3

Particle size (meters)

10-9 10-8 10-7 10-6 10-2

1 nanometer 1 micrometer 1 millimeter 1 centimeter
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Presentation Notes
Despite these difficulties, the state water board adopted the world's first regulatory definition of microplastics on June 6th, 2020. This definition is broad, and includes particles between 1 nanometer and 5000 micrometers, with an additional size-based classification scheme shown here.



Polymers included in Regulatory Definition

15

All “Traditional” Plastics…

Presenter
Presentation Notes
The polymers included in this regulatory definition include Plastics with numbers 1 through 7 on the bottom…
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…and “Non-Traditional” Plastics

Synthetic rubber

Synthetic fibers Bio-based and 
biodegradable polymers

Cellulose acetateSilicones

Polymers included in Regulatory Definition

Presenter
Presentation Notes
…as well as synthetic polymers that may not be typically referred to as 'plastic,' including synthetic rubber, fibers, silicones, bio-based and biodegradable polymers, and cellulose acetate.



European Microplastics Definition Excludes Biodegradables

‘solid polymeric materials to which chemical additives or other substances may 
have been added, which are particles which have at least three dimensions that are 

greater than 1 nanometer and less than 5,000 micrometers. 

Polymers that are derived in nature that have not been chemically modified (other 
than by hydrolysis) are excluded, as are polymers that are (bio)degradable.”1

171European Chemicals Agency (2019). “Annex XV Restriction Report Proposal for a Restriction: Intentionally Added Microplastics. Version 1.2

Presenter
Presentation Notes
While the State Water Board’s definition of microplastics is the first regulatory definition for the purposes of drinking water, it was informed by a draft definition in Europe. The European Chemical Agency’s definition, which is designed for a proposed restriction on intentionally added microplastics to consumer products, provides an exclusion for biodegradable bioplastics. The Sate Water Board’s definition includes biodegradable biosplastics based on a lack of evidence for human safety.



Some Plastic Ingredients are Endocrine Disruptors

H3C

HO
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17-β-estradiol

Estrogen
Natural Hormone
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HO

OH

Bisphenol A

OH

T-Bu

4-tert-octylphenol 4-n-nonylphenol

OH

CH3(CH2)6

Common Plastic Additives
Unnatural Hormones

Coffin (2018)

Presenter
Presentation Notes
Rationale for including biodegradable polymers included an understanding that microplastics can transfer harmful chemicals during exposure. Some of these chemicals disrupt the endocrine system and cause harmful effects at low concentrations. For example, Bisphenol A mimics the natural hormone estrogen, causing imbalances in the body.



Some Endocrine Disruptors Cause IQ Loss

Gaylord et al. Molecular and Cellular Endocrinology (2020). 19
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Presenter
Presentation Notes
PBDE is a flame retardant, and endocrine disruptor found in plastic. Between 2001 and 2016, PBDE exposure caused more intellectual disabilities than pesticides, mercury, and lead combined in the United States. These health burdens led to more than $3 trillions in economic damages.
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Presentation Notes
PBDE and other flame retardants are found in many of the plastic items in our homes, including insulation, upholstered furniture, carpet, and some baby products. 



Are Bioplastics Safer than Conventional Plastics?

21Zimmermann et al (2020). Environment International

Presenter
Presentation Notes
The presence of harmful chemicals like PBDEs and other endocrine disruptors in bioplastics have not been thoroughly tested. In general, bioplastics are a new technology that have not undergone rigorous health testing. A recent study characterized toxic chemicals that leach from bioplastics using a variety of techniques, including analytical chemistry and biology.



Many Bioplastics Contain Hazardous Chemicals

22Zimmermann et al (2020). Environment International

Conventional Bioplastics

Presenter
Presentation Notes
This study found that conventional, petroleum-based plastic products (as shown on the left), released similar quantities of endocrine-disrupting chemicals as bioplastics. This research demonstrates that we cannot consider bioplastics or conventional plastics to be safe for human exposure.



California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Health-based guidance level
•Four years of testing 
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Presenter
Presentation Notes
Senate bill 1422 requires the State Water Board to adopt a standard analytical method for monitoring microplastics in drinking water by July 1st. Currently there are no standard methods available. Standard methods and monitoring are important, because when we can monitor the issue, we can manage the issue.



Method Development and Standardization

24

Drinking Water Ocean Water Fish Tissue Sediment

>35 Participating Organizations

Presenter
Presentation Notes
To fill this gap, we're working with over thirty-five organizations from around the world to develop and standardize methodology to monitor for microplastics in drinking water, ocean water, fish tissue, and sediment, using a variety of instrumentation. 



California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Health-based guidance level
•Four years of testing 
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Presenter
Presentation Notes
After standardizing methods, the State Water Board will provide accreditation for laboratories. Accreditation will be carried out by the environmental laboratory accreditation program, which is part of the state water board. Accreditation is vital to ensuring results between laboratories are comparable.



California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Health-based guidance level
•Four years of testing 
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Presenter
Presentation Notes
SB 1422 requires the State Water Board to consider a health-based guidance level to aid consumers in interpreting concentrations in drinking water. The health impacts of microplastics for both humans and animals are not well understood.



Health Effects Expert Panel

Ecosystem HealthHuman Health

October 2020 
–

April 2021
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Presentation Notes
We are addressing this knowledge gap by working with a number of research partners and experts to evaluate toxicity data and develop thresholds for drinking water and aquatic ecosystems. this project started in October and will be finished by April 2021.



Microplastics Toxicity Studies Increase by Year

28Thornton-Hampton et. al (manuscript in progress)

Presenter
Presentation Notes
Since 2012, there has been a sharp rise in the toxicity studies of microplastics for the environment. In 2020, the total number of human-related toxicity studies doubled. This recent evidence allows us to consider impacts to humans.



Ragusa et a. (2021). Environment International

Microplastics Recently Found in Human Placenta

• 4/6 placentas contained microplastics
• Evidence of translocation
• <10 µm particles

@MicheleDoesArt

Presenter
Presentation Notes
While many questions remain, evidence suggests that  smaller microplastic particles are more toxic to humans. A recent study  found that four out of six human placentas contained microplastics, providing evidence that these particles accumulate in the human body and are not just rapidly excreted. Notably, only particles smaller than 10 microns were found in these samples



California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Health-based guidance level
•Four years of testing 
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Presenter
Presentation Notes
Evidence for health impacts of smaller particles will be taken into consideration when developing our plan for four years of testing and analysis in drinking water.



Pivokonsky et al. Science of the Total Environment (2020).

Drinking Water Treatment Removes >10 µm Microplastics

Presenter
Presentation Notes
Microplastic particles smaller than 10 microns are not only believed to be more toxic to humans, but they are also more likely to occur in drinking water. A recent study monitoring microplastics at different treatment stages in a drinking water treatment plant. This figure shows microplastics concentrations at each stage, starting from raw water on the left, to finished drinking water on the right. Treatment removes the majority of microplastics, with only particles smaller than 10 microns remaining. Unfortunately, these smaller particles are difficult to analyze.



Pivokonsky et al. Science of the Total Environment (2020).

Diverse Polymers Found in Drinking Water

Polyvinyl chloride

Cellulose Acetate
Polyethylene terephthalate
Polyvinyl chloride
Polyethylene
Polypropylene
Ethylene vinyl acetate copolymer
Polystyrene
Polyamide-nylon 6
Polyethylene oxide + polyethylene glycol
Other

Presenter
Presentation Notes
Microplastics are found in drinking water at relative proportions that are similar to those of plastics in commerce, suggesting the origin of these particles are mostly single-use products and textiles.
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Conclusions
• Plastic breaks down into smaller particles
• Plastic degrades slowly, and contaminates water
• Regulatory definition, methods, accreditation 

provide consistency
• Health effects uncertain – but gaining evidence
• Monitoring beginning 2021

Presenter
Presentation Notes
In conclusion, plastic breaks down into smaller particles in the environment and can contaminate water and land. The State Water Board’s regulatory definition, standardized methods, and laboratory accreditation provide much-needed consistency. While uncertainties remain in regard to human health impacts, evidence is increasingly rapidly. The State Water Board will adopt a four-year sampling and analysis plan in July, and will publicly disclose results.



Thank you

Orbmedia.org

Presenter
Presentation Notes
Thank you for watching! I look forward to answering questions you may have.
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