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California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

•Standard method
•Accredit laboratories
•Four years of testing 
•Health-based guidance level
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Definition of ‘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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Method Standardization

Raman
Spectroscopy

infrared
Spectroscopy

Two Methods 26 Participating Labs

Standardized methods available at 
waterboards.ca.gov/drinking_water/certlic/drinkingwater/microplastics



Inter-Laboratory Validation Study

Data 
Analysis

Blind Samples
 4 shapes
 4 polymers
 1 – 1,000 µm
 false positives

Particle 
Extraction

Particle 
Identification & 
Categorization

Chemical  
Analysis

participating laboratories



Spectroscopy Method Performance

De Frond et al (in prep)



Optical 
Microscopy

Infrared 
Spectroscopy

Raman 
Spectroscopy

Accuracy (Overall) 44 ± 27% 93% 83%
Measurement 
time/sample

26 ±54 hours 10 ±9 hours 15 ±16 hours

Instrument cost
$26,500

($500 - $110,000)
$95,000

($550  -$300,000)
$165,000

($10,000 - $337,000)

Consumables cost
$1,100 

($84-$5000)
$900 

($10 -$5000)
$2,500

($10-$12000)
Chemical  

identification
No Yes Yes

Lower size limit 
(approximate)

> 20 µm > 10 µm > 2 µm

De Frond et al (in prep)

Method Strengths and Weaknesses
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Microplastics Health Effects Workshop

EcosystemDrinking Water

2020-2021



Screening and Prioritization

Risk Assessment 
Applicability

Experimental 
Design

Particle 
Characterization

Ingestion-based in vivo mammalian microplastics toxicity studies
(n = 29)

Fit for purpose studies
(n = 12)

Expert review Coffin et al., 
Microplastics and Nanoplastics (Submitted)



Reliable Endpoints for Microplastics Effects in Mammals

Coffin et al (in progress)



Not Currently Possible to Derive Regulatory Levels

1. Effects database inadequate
• poor particle characterization
• limited polymers, shapes, sizes tested

2. Effect Mechanisms Unknown
• necessary for extrapolation to diverse particle types

3. Incomplete exposure data
• limited food data
• no harmonized drinking water data



Rapidly Increasing Toxicity Evidence in Mammals

SAPEA/WHO Reports

Coffin et al (in review)



@ToMExApp
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Contamination Depends on Source & Treatment

19Koelmans et al (2019). Water Research

Sobhani, et al. Sci Rep (2020)

Opening a plastic water bottle releases
14-2,400 microplastic particles



Microplastics Removal is Size-Dependent

20

1 nm 10 nm 100 nm 1 µm 10 µm 100 µm

DNA Red blood cellVirusProtein Bacteria Dust mite

Microfiltration

Ultrafiltration

Nanofiltration

Reverse
Osmosis Flocculation/Sedimentation

Raman & IR
Limit of 
Quantification



Proposed Iterative Monitoring Approach

Phase I
•Source waters only
•Mostly surface water
•>20 µm microplastics

Phase II
•Source waters
•Treated drinking water
•>1 µm microplastics

2022 2024 2026

Tentative approach. Dates subject to change.



Multiple Sources and Pathways to Humans

Figure adapted from Milojev et al (2021). Energies

Human 
exposure 

through food 
and water



Wastewater Treatment Sends 88-99% of Microplastics to Sludge

88 - 99%

1 – 12%

Treatment removal rates from Freeman et al. (2020). Journal of Environmental Management



Sludge Application to Land

Biosolids applied to an 
agricultural field in California

LACitySan.org

Microplastics aggregated in soil
Dr. Anika Lehmann (Freie Universität Berlin).



Plastic Content in Biosolids Correlates to Global Production

Okoffo et al (2021), Water Research

Plastic Concentration in Biosolids
Global Plastics Production



Several States banned 
Forever Chemicals 

(PFAS) in 
Compostable Food 

Packaging

Saferchemicals.org



Microplastics Reduce Plant Growth

Sun et al. (2020). Nature Nanotechnology. 28



What’s the deal with bioplastics?

29



Some bioplastics degrade - others do Not



Planetary Boundary for Biosphere already at Risk

Folke et al (2021). Ambio



Avoiding Regrettable Substitutions

Email updates: dtsc.ca.gov/dtsc-e-lists/



California Water Boards

Upcoming Policy and Regulatory Actions in California

• Drinking water and environmental monitoring
• 2022-2026

• Safer Consumer Products Priority Product Evaluation
• 2021 - onwards
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