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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 Sub-micron Small Microplastics large Mesoplastics Macroplastics
Plastics Microplastics
1-100 nm 100-1000 nm 1-100 pm 100-5000 pum 5-25 mm >2.5cm
| | | | | | | | >
10-° 108 10”7 106 105 104 103 102
1 nanometer 1 micrometer 1 millimeter 1 centimeter

Particle size (meters) 5
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Method Standardization

Two Methods 26 Participating Labs

infrared Raman
Spectroscopy ~ ~>Pectroscopy

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




Inter-Laboratory Validation Study

participating laboratories
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Spectroscopy Method Performance
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Microscopy Spectroscopy Spectroscopy

Accuracy (Overall) 44 + 27% 93%

\" t
.easuremen 26 +54 hours 10 £9 hours
time/sample
S26,500 S95,000
(S500 - S110,000)| (S550 -$S300,000)
Consumables cost >1,100 >900
($84-$5000) ($10 -$5000)
Chemi
. (?r.nlca.l No Yes
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Microplastics Health Effects Workshop
2020-2021
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Screening and Prioritization

Ingestion-based in vivo mammalian microplastics toxicity studies

Particle )

Characterization

Risk Assessment
Applicability

Fit for purpose studies
(n=12)

4

Coffin et al.,
Microplastics and Nanoplastics (Submitted)




Reliable Endpoints for Microplastics Effects in Mammals

Sperm Deformity

Sperm Count

Body Weight

Anti Mullerian Hormone Concentration
Testosterone Concentration
Testicular Capsule Diameter
Spermatogenic Cell Concentration
Sperm Viability

Sperm Motility

Sperm Maturity

Sperm DNA damage

Endpoint

Seminiferous Tubules Diameter

Luteinizing hormone Concentration

Liver Tissue Inflammation

Lipid Droplets

Germinal Epithelium Cell Height

Follicle Stimulating Hormone Concentration

o

3
Number of Studies Reporting Effect
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Endpoint category

B body

B female reproduction
B liver

B male reproduction

LN

Coffin et al (in progress)



Not Currently Possible to Derive Regulatory Levels

1. Effects database inadequate
* poor particle characterization
* [imited polymers, shapes, sizes tested

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

3. Incomplete exposure data

* [imited food data
* N0 harmonized drinking water data



Rapidly Increasing Toxicity Evidence in Mammals
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Toxicity of Microplastics Explorer

Logo created by J.C. Leapman.

A Welcome

Overview

Search

Exploration

Study Screening

Resources

Contact

" Aquatic Organisms
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https://scowrp. shlnyapp': 1o/human_mp_tox shlnyr / w_ 1298::1 d9/#shiny-tab- Welcome

Welcome to the Toxicity of Microplastics Explorer,
Human Health Database!

This database is a repository for microplastics toxicity data that may inform possible effects on Human Health.

/w" "\\ What is the Microplastics Toxicity Database?

This web application allows users to explore toxicity data using an intuitive interface while retaining the diversity and
N complexity inherent to microplastics. Data is extracted from existing, peer-reviewed manuscripts containing toxicity data
pertaining to microplastics.

Data Analysis &
Visualization Use the side panel on the left of the page to navigate to each section. Each section provides different information or data

- %
ek
[ visualization options. More specific instructions may be found within each section.

_)f J H i
Risk Assessment & )

Future Research

~ e o

Why was the Microplastics Toxicity Database and Web Application created?

The database and apphcatmn tools have been created for use by the participants of the Microplastics Health Effects Workshop.The purpose of this workshop is to identify the most sensitive and biologically critical
osure, pr|or itize Whmh microplastics charactenstms (e.g., size, shape, polymerl that are ofgreatest b|oloc|cal concern, and |dent|fycr|t|cal thresholds fOI each at which those



Deadlines

California Senate Bill 1422 (2018)

July 1,2020 {

eFour years of testing

July 1,2021 i

18



Contamination Depends on Source & Treatment
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Koelmans et al (2019). Water Research
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Microplastics Removal is Size-Dependent

Protein Virus Red bl(§>od cell Bacte::riaé Dust mf;te

1 .

' ® ;

I -

.

e .
=) .
1= n
= .
"

"

.

"

"

N "

.

"

"

"

.

J“{} /ﬁ\/\ |
Reverse "~ Ultrafiltrati i ' Flocculation/Sedimentation tion/ Sedimentati
Osmosis . rafiltra ot i occulation/ Sedimentatio
Nanofiltration Microfiltration Raman & IR

:Limit of
gQuantification

! ! : L,
1 nm 10 nm 100 nm 1 pum 10 um 100 um

20



Proposed Iterative Monitoring Approach

Phase |

e Source waters only
e Mostly surface water
¢>20 um microplastics

—

2022 2024 2026

Tentative approach. Dates subject to change.



Multiple Sources and Pathways to Humans

Personal care

products
Microplastics entering

water bodies from
effluent water

in_b Textiles &

L clothing
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Human
« Plastic Wastewater exposure
* pellets treatment plant Sewage sludge spread through food
on agricultural land and water

@ Macroplastics

Figure adapted from Milojev et al (2021). Energies



Wastewater Treatment Sends 88-99% of Microplastics to Sludge

o
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Treatment Plant
1-12%
C
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Koutnick et al. 2021 ACS ES&T Water
doi: 10.1021/acsestwater.0c00267

Biosolids
for land application

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



Sludge Application to Land

500 pm
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Biosolids applied to an

agricultural field in California
LACitySan.org

Microplastics aggregated in soil

Dr. Anika Lehmann (Freie Universitdt Berlin).



Plastic Content in Biosolids Correlates to Global Production
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Okoffo et al (2021), Water Research
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Food packaging with PFAS

pollutes people and the environment

Several States banned A

Forever Chemicals Ma"“"g““”"g
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Microplastics Reduce Plant Growth

Control  PS-SO,H  PS-NH,
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Nanoplastic concentration (ug mi™")

Sun et al. (2020). Nature Nanotechnology.

Control ~ PS-SO,H PS-NH,

Nanoplastic concentration (g kg™)
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What'’s the deal with bioplastics?




lastics degrade - others do Not

Bio-based plastics and their biodegradation

Biodegradation according to 1SO and ASTM standards Managed facilities Natural environment

B Biodegrades Industrial Anaerobic Home Marine Freshwater Anaerobic aquatic Soil

I Does not biodegrade composting digestion composting 30°C 21°C digestion 25°C
6-12 weeks Single-stage 14 days 3-6 months 35°C

B Unknown

\\ 50-70°C Two-stage 15-40 days 28°C

Renewable raw materials 7
PLA Polylactic acid
PHA-PHB Polyhydroxybutyrate
PBS Polybutylene succinate
TPS Thermoplastic starch

A
Fossil fuel-based raw materials g
PBAT Polybutyrate adipate terephthalate
PCL Polycaprolactone

lllustrated by GRID-Arendal

Source: UNEP 2021, adapted from Narancic et al. 2018.




Planetary Boundary for Biosphere already at Risk

Folke et al (2021). Ambio

Climate change
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Avoiding Regrettable Substitutions

-

SAFER

CONSUMER
PRODUCTS

CALIFORNIA DEPARTMENT OF
TOXIC SUBSTANCES CONTROL

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




Upcoming Policy and Regulatory Actions in California

* Drinking water and environmental monitoring
« 2022-2026

» Safer Consumer Products Priority Product Evaluation
« 2021 - onwards

California Water Boards
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