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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
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California’s Inter-Lab Validation Study

Raman
 Spectroscopy

FTIR
 Spectroscopy

Two Methods 26 Laboratories

Drinking Water Ocean Water Fish Tissue Sediment

Four Matrices



Sample 
Collection

Particle 
Extraction

Particle 
Identification & 
Categorization

Pictures & 
Measurements

Chemical  
Analysis

Laboratory Process for Microplastics Analysis

0.25 mm

0.87 mm



Blind samples
o Four Polymers

o Polystyrene, polyethylene, polyvinyl chloride, polyethylene terephthalate

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

De Frond et al. 2022 (Chemosphere)



Method Performance at a glance

De Frond et al. 2022 (Chemosphere)



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

Method Strengths and Weaknesses

De Frond et al. 2022 (Chemosphere)



Standardized Method Available for Accreditation

Moore Institute for Plastic Pollution Research 
(April, 2022)



Method Should Be Tailored to Specific Particle Types
Photo: M
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Tiered Monitoring Framework

Cousins et al. (2020). Environmental Science: Processes and Impacts

PFAS Microplastics

Chemical 
ID

(e.g. FTIR, Raman, 
GC/MS)

Plastic Mass
(e.g., Pyr-GC/MS)

Total Particles
(e.g. light scattering)

Coffin (2023). Environmental Science: Advances
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Human and Ecological Health Effects Workshop

Health Effects 
Workshop

Particle Characteristics

Threshold Framework

Adverse Effects

Dose Metrics



Chemical 

OH

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

Microplastic Hazards

Biological Particle
Jeon et al. (2021). Environmental PollutionBisphenol A



Mammalian Toxicity Study Screening

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 (2022), Microplastics & Nanoplastics.

Drinking Water

Gouin et al (2022), Microplastics & Nanoplastics



Reliable Endpoints for Microplastics Effects in Mammals

Coffin et al (2022), Microplastics and Nanoplastics.



“2023 Food Pyramid”



Wide Uncertainties and Variability for Exposure
>99th percentile: Credit Card/week

Benchmark dose range

>Median: Grain of salt/week

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



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

Bottled Water Typically more Contaminated than Tap



Winkler, et al. Water Research (2020).

Plastic Packaging Releases Microplastics

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

Opening a plastic snack bag 
releases 14,000-75,000 
microplastic particles

Sobhani, et al. Sci Rep (2020). 23



Not Currently Possible to Derive Regulatory Levels

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

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

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

Coffin et al (2022), Microplastics and Nanoplastics.

Drinking Water



@ToMExAppThornton-Hampton et al. (2022). Microplastics & Nanoplastics.



ToMEx 1.0 ToMEx 2.0
Total Number of Publications 55 77
Particle Only 54 76
Chemical Co-Exposure 7 7
Chemical Transfer - -
Leachate - 1
Data Points 3,904 6,977
In vivo data 2,512 4,059
In vitro data 1,392 2,918
Species Represented 6 8

Human 
Health
Studies

ToMEx 2.0 working group (2023)

ToMEx 2.0 Coming Soon!
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Plastics enter Surface Waters through many routes

28World Health Organization (2019)



50% to 99.4% Removal Rates

Karimi Estahbanati et al. (2021) Marine Pollution Bulletin.



Treatment: Removal is Size-Dependent

30

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

FTIR 
LOQ

Raman
LOQToxic to 

humans



Statewide 
Monitoring 

Plan Adopted 
2022



Iterative Monitoring Approach in Drinking Water

Dates are approximate and subject to change.

Pilot Phase
• Sampling method 

comparison
• Range-finding
• Sample training

Spring
2024

Fall 
2028

Spring
2026

Winter
2023

Fall
2026

Phase One
• Few water systems
• Source waters only
• Surrogate development

Phase Two
• Additional systems
• Treated waters
• Tiered monitoring

Summer
 2022

Interim Interim



In-line Filtration Sampling Method Harmonization

Image courtesy of 
Dr. Robert Andrews



Microplastic Data Portal (One4ALL)
1. Upload data 2. If errors, correct them



Microplastic Data Portal (One4ALL)
3. If no errors, input key 4. Data sent to data.ca.gov



Microplastics Monitoring Subcommittee
Local and global community exchange of information and 

data for microplastics monitoring methods and tools

● Sampling and analysis playbook
● Communication toolbox
● Laboratory accreditation & data analysis

Quarterly Meetings

Next Meeting: January 17; 11 am to 1pm (PST)



Cherian (2021). “Microplastic Removal from Drinking Water Using Point-of-Use Devices.” Master’s Thesis.

Limited Data: Microfiltration Most Effective Point-of-Use 

Granular Activated Carbon +
 Ion Exchange

Granular Activated Carbon +
 Ion Exchange +

>1µm non-woven Membrane

Microfiltration +
Granular Activated Carbon +

 Ion Exchange



~10 New Microplastics Publications per Day!

Nyadjro et al. (2023). Scientific Data.



The Microplastics Community is Built on Sharing Freely



Removing barriers on plastic research

@ThePlastiverse Plastiverse.org
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Scott.coffin@waterboards.ca.gov
@DrSCoffin

2023 Food Pyramid

Thank 
you!
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