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California Senate Bill 1263 (2018):
Statewide Microplastics Strategy

2022 • Initiate Statewide Microplastics Strategy

2026

• Develop risk assessment framework
• Develop standardized methods
• Establish baseline occurrence data
• Investigate sources and pathways
• Recommend source reduction strategies
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California Senate Bill 1422 (2018)

July 1,2020 •Define ‘microplastics’

July 1,2021

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

9State Water Board (2020)



Polymers included in Regulatory Definition
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All “Traditional” Plastics…

State Water Board (2020)
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…and “Non-Traditional” Plastics

Synthetic rubber

Synthetic fibers Bio-based and 
biodegradable polymers

Cellulose acetateSilicones

Polymers included in Regulatory Definition

State Water Board (2020)



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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Method Development and Standardization

Drinking Water Ocean Water Fish Tissue Sediment



40 Labs from 6 Countries



Five methods used

Visual microscopy 
(+ - nile red)

Raman
Spectroscopy

Pyrolysis- GC/MSFTIR
Spectroscopy



Blind 
Samples

Particle 
Extraction

Particle 
Identification & 
Categorization

Pictures & 
Measurements

Chemical  
Analysis

General Laboratory Process

0.25 mm

0.87 mm



Blind samples

o Four Polymers
o Polystyrene, polyethylene, PVC, PET

o Four size fractions
o 1-1000 um
o 1-20 um, 20-212 um, 212-500 um, >500 um

o Four shapes
o Pellets, fragments, spheres, fibers

o False positives
o E.g., sand, shell fragments, cotton, cellulose, bunny fur



Method Performance at a glance

De Frond et al (in prep)



Optical 
Microscopy

FTIR Raman

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)



Standardized methods available on State Water Board webpage

waterboards.ca.gov/drinking_water/certlic/drinkingwater/microplastics



Wanted: Tiered Monitoring Framework

Detailed 
characterization
By individual particle

Bulk quantification
microplastics by mass

Screening method
Tier 1

Tier 2

Tier 3
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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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Microplastics Health Effects Workshop

EcosystemDrinking Water

2020-2021



Not Possible to Derive Regulatory Levels Yet

Non-regulatory
Screening level



Three classes of problems
1. Effects database inadequate

• generally poor particle characterization
• limited polymers, shapes, sizes tested
• few endpoints tested 

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

3. Incomplete exposure data
• limited information on food



Values we DID Derive
1. Recommended concentrations for toxicity studies

• experiments done at very high concentrations
• sensitive lower concentrations identified

2. Water volume for monitoring
• Vital for exposure characterization in drinking water
• Too much = expensive
• Too little = miss critical concentrations



Chemical and Particle Hazards
OH

HO
Stock et al. (2019). Archives of Toxicology



Plastic Contains Un-regulated Hazardous Chemicals

31

• >10,000 known additives

• > 2,400 substances of concern

• 53% toxic substances un-regulated

• 11% of toxic substances without 

scientific references
Weisinger et al (2021). Environmental Science & Technology



Chemical and Particle Hazards
OH

HO
Stock et al. (2019). Archives of Toxicology



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



Reliable Endpoints*

*Based on reviews from 8 outside experts 



Effect Mechanisms Poorly Understood

Some Commonly observed mechanisms

• Reactive oxygen species
• Oxidative stress
• Inflammation 
• Cell death
• Lipid metabolism
• Energy metabolism



1. Hazard Identification
a. Screening & prioritization
b. Identify effects

2. Dose-response Assessment
a. Benchmark dose modelling
b. Physiological based particokinetic modelling
c. Uncertainty adjustment

3. Exposure Characterization
a. Biomonitoring
b. Concentrations in exposure media

4. Risk Characterization
a. Data alignment

■ Completed
■ High uncertainties
■ Missing Data

Framework



Benchmark Dose Modelling Results

PODs derived using EPA’s BMDS software
Error bars represent 95% CI for BMD



Rodent to Human Uncertainty Adjustments

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅 (
𝑚𝑚𝑚𝑚

𝑘𝑘𝑚𝑚 − 𝑑𝑑𝑑𝑑𝑑𝑑
) =

𝑃𝑃𝐷𝐷𝑃𝑃𝑅𝑅𝑃𝑃 𝐷𝐷𝑅𝑅 𝑑𝑑𝑅𝑅𝑑𝑑𝑑𝑑𝑅𝑅𝑃𝑃𝑑𝑑𝑅𝑅𝑅𝑅( 𝑚𝑚𝑚𝑚
𝑘𝑘𝑚𝑚 − 𝑑𝑑𝑑𝑑𝑑𝑑)

𝑈𝑈𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑑𝑑𝑃𝑃𝑅𝑅𝑃𝑃𝑑𝑑 𝐴𝐴𝑑𝑑𝐴𝐴𝑑𝑑𝐷𝐷𝑃𝑃𝑚𝑚𝑅𝑅𝑅𝑅𝑃𝑃𝐷𝐷 (3,000)

Uncertainty Adjustments
Database deficiency ( 10)

Inter-species (10)
Intra-species (10)



1. Hazard Identification
a. Screening & prioritization
b. Identify effects

2. Dose-response Assessment
a. Benchmark dose modelling
b. Physiological based particokinetic modelling
c. Uncertainty adjustment

3. Exposure Characterization
a. Biomonitoring
b. Concentrations in exposure media

4. Risk Characterization
a. Data alignment

■ Completed
■ High uncertainties
■ Missing Data

Framework



Incomplete Exposure Data

• Limited food and inhalation data
• Non-harmonized methods used for existing data
• No California-specific data

Default assumption:
20% contribution from drinking water



Framework
1. Hazard Identification

a. Screening & prioritization
b. Identify effects

2. Dose-response Assessment
a. Benchmark dose modelling
b. Physiological based particokinetic modelling
c. Uncertainty adjustment

3. Exposure Characterization
a. Biomonitoring
b. Concentrations in exposure media

4. Risk Characterization
a. Data alignment

■ Completed
■ High uncertainties
■ Missing Data



Environmental 
Microplastics Effect Studies 

Relating Effects Studies to Exposures

Aligned data using methods in Kooi et al (2021), Water Research



Solution: Align Exposure Data w/ Probability Distributions

Kooi and Koelmans, ES&T Letter (2019)

ShapeSize Density



Mattsson et al (2021). Frontiers in Marine Science

Exponential Size Distribution Extends <1µm



Aligned Drinking Water Screening Levels

Alignments performed according to Kooi et al (2021), Water Research

Non-regulatory
Drinking Water

Screening Level
(most conservative estimate)

RfD

(mg/kg-d)

SL

(ug/L)

Mass-aligned 

SL 

(particles/L)

Surface area-aligned 

SL (particles/L)

Specific surface-

area aligned SL 

(particles/L)

Volume-

aligned SL 

(particles/L)

0.025 0.0019 640 3,300 3,500 760

DRAFT VALUES. DO NOT CITE Coffin et al (in prep)



Particle Size Distribution in Freshwater

Measured sizes (20 – 212 µm )

𝐶𝐶𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃𝐷𝐷𝑅𝑅 𝐹𝐹𝑑𝑑𝑅𝑅𝑃𝑃𝐷𝐷𝑅𝑅 =
∫𝑥𝑥1𝐷𝐷
𝑥𝑥𝑥𝐷𝐷 𝑥𝑥−𝑎𝑎

∫𝑥𝑥1𝑀𝑀
𝑥𝑥𝑥𝑀𝑀 𝑥𝑥−𝑎𝑎

‘Default’ distribution (e.g., 1 – 5,000 µm)

Koelmans et al, ES&T, 2020

Distribution from Kooi et al (2021)

Size-dependent 
power law 

Particles Size



Method Inter-laboratory Validation Study

Drinking Water

Reporting limits from de Frond et al (in review)
Alignments done according to Kooi et al (2021), Water Research

Method Empirical reporting limit 
(particles)

Correction Factor to align to 
0.5-5,000 µm (unitless)

Aligned reporting 
limit (particles)

Raman 5.8 (20  - 212 µm) 720 4,200 particles
FTIR 5.8 (50  - 212 µm) 3,900 22,00 particles

Most 
conservative 

value

DRAFT VALUES. DO NOT CITE Coffin et al (in prep)



Suggested Sampling Volume for Monitoring

𝑥𝑥,000 𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
600 𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝐿𝐿

~ 40 L (0.007 to 10,000)

1,000 liters suggested for drinking water based on 
representativeness (Koelmans et al, Water Research 2019)

Suggested 
minimum 

sampling volume

Range based on 
sensitivity analysis

DRAFT VALUES. DO NOT CITE



Rapidly Changing Science
7 studies 

since 
April

Coffin et al (in prep)



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

Drinking Water Treatment Removes >10 µm Microplastics

Treatment



Microplastics Can Travel Long Distances in Sand-and-Gravel Aquifers

Goeppert and Goldscheider (2021). Journal of Hazardous Materials
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• Microplastics travel ≥200 meters in 
groundwater

• Peak concentrations of MPs can 
exceed those of conservative solutes, 
in particular for the longer flow 
distances.



Mohamed Nor et al. (2021). ES&T

More Microplastics in Bottled Water than Tap Water

Tap 
Water

Bottled 
water



Plastic Packaging Releases Microplastics

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

Sobhani, et al. Sci Rep (2020)
Winkler, et al. Water Research (2020) 57



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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Two-Phased Monitoring Approach in Drinking Water

Depth Phase 
• Source waters
• Characterize particle distributions
• Develop tier 1 methods

Breadth Phase
• Many water systems
• Tiered monitoring approach

Typical 
Monitoring

2022

2024 2026

Tentative approach. Dates subject to change.



California Senate Bill 1263 (2018):
Statewide Microplastics Strategy

2022 • Initiate Statewide Microplastics Strategy

2026

• Develop risk assessment framework
• Develop standardized methods
• Establish baseline occurrence data
• Investigate sources and pathways
• Recommend source reduction strategies
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Taxonomic Group

Species Sensitivity Distributions

Most
Sensitive 
Species

Least
Sensitive 
Species

Microplastics Concentration
Low High

Coffin et al (unpublished)



But Microplastics Toxicity Depends on Size…

Coffin et al (unpublished)
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Chris Jordan

Plymouth Marine Laboratory



Aligning Data with Probability Distributions

Kooi and Koelmans, ES&T Letters (2019)



Align by Ecologically Relevant Effect Mechanisms

Photo: Marcus Eriksen

Food Dilution Oxidative Stress

Volume Surface Area
Relevant
Metric: 

Kooi, Primpke, Mintenig, Lorenz, Gerdts, Koelmans (2021). Water Research



SSDs ‘Aligned’ By Exposure Metrics

Concentration (Particles/L)
Low High

Coffin et al (unpublished)
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Microplastics will Increase Long After Inputs Reduced

Rillig et al. (2021). ES&T



Plastic Pollution has Increased Exponentially

76Lebreton & Andrady, Palgrave Comms.  (2020). 



Precautionary Approach



Scott.coffin@waterboards.ca.gov

Thank you for 
your attention!
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@DrSCoffin


