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Microplastics in Drinking Water —
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Throwaway Living

DISPOSABLE ITEMS CUT DOWN HOUSEHOLD CHORES




1960: Plastic Particles Can be absorbed in Mice

Erperimenial Cell Researeht 22 137 -145 (1861) 137
A STUDY OF PARTICULATE INTESTINAL ABSORPTION
AND HEPATOCELLULAR UPTAKE

USE OF POLYSTYRENE LATEX PARTICLES

E. SANDERS and C. T. ASHWORTH

Department of Pathology, University of Texas, and Southwestern Medical School,
Dallas, Texas, U'.S. 4.

Received Februarv I, 1960
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Plastic found in
90/91 Laysan p
Albatross in Hawaii =

Kenyon & Krieder, The Auk (1969)




Plastic Pollution Increased Exponentially
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Plastic Breaks Down and Enters Surface Waters

Atmospheric

emissions and
deposition

World Health Organization (2019)



= California Senate Bill 1263 (2018):
e Statewide Microplastics Strategy

e |nitiate Statewide Microplastics Strategy

e Develop risk assessment framework

e Develop standardized methods

e Establish baseline occurrence data

e |nvestigate sources and pathways

e Recommend source reduction strategies

Deadlines
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PREVALENCE OF MICROSCOPIC PLASTIC FIBERS BY SAMPLE SOURCE LOCATION,
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California Senate Bill 1422 (2018)

July 1,2020 { e Define ‘microplastics’

eStandard method
eFour years of testing

July 1,2021 i eHealth-based guidance level

Deadlines

e Accredit laboratories

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

State Water Board (2020) Particle size (meters) 12




mers included in Regulatory Defi

2 4 o

HDPE PVC LDPE PP

Polyethylene High-Density Polyvinyl Low-Density
Terephthalate Polyethylene Chloride Polyethylene

State Water Board (2020)

Polypropylene Polystyrene




Polymers included in Regulatory Definition

Silicones Cellulose acetate

Synthetic rubber

Synthetic fibers Bio-based and

biodegradable polymers
State Water Board (2020) 14




California Senate Bill 1422 (2018)

eStandard method |

Deadlines

July 1,2021 ﬂ

()



Method Development and Standardization
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Method Development and Standardization

40 Participating Organizations
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Stay Tuned!

Dr. Charles Wong'’s
presentation follows



Ongoing Project :Source ID by Fingerprinting
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Tiered Monitorin

Detailed

characterization
By individual particle

Bulk quantification

microplastics by mass

Screening method

Framework
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California Senate Bill 1422 (2018)

| e Accredit laboratories

Deadlines

July 1,2021 ﬂ

21



Laboratory Accreditation

Components for accreditation:

1. Inspections \/

2. Documentation /

Environmental Laboratory Accreditation Program

3. Performance Evaluation Samples \/

4. Quality criteria for labs \/

- Will be developed during monitoring Phase |



National Institute of
Standards and Technology
U.S. Department of Commerce

Polymer Kit 1.0

 Easily obtained, affordable kit

22 plastic materials typically found in the
environment

* Pellets, fibers, beads, powder forms
 ATR FT-IR and DSC data
* $375 including shipping




California Senate Bill 1422 (2018)

Deadlines

July 1,2021 ﬁl eHealth-based guidance level |

24



ealth Effects Workshop

October 2020

Summer 2021 \%\

Ecosystem Thresholds

Drinking Water
Thresholds

. g
Established 19°°




26

year

Rapidly Developing Science
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Hazard $3 Exposure == Risk

Potential to cause harm Probability to cause harm




Hazard ¢S Exposure = Risk

Potential to cause harm




and Particle Hazards




Plastic Often Contains Hazardous Chemicals

e >3 300 known additives
* 98 hazardous
7 persistent, bioaccumulative, toxic R

* 15 endocrine disrupting

Groh et al. (2019), Science of the Total Environment.




and Particle Hazards

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




Hypothesized Particle Effects in Humans

\ Ry

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




Foundation for Risk Assessment

Relevant Microplastics Hazard Studies (In vivo) (n = 25)

Oral NMP

Particle
Characterization

B
Assessment
Applicabili

Must pass all ‘red’ criteria

Proceed to Tier 2 (Expert Review) prior to inclusion in the Risk Assessment




Relevant and Reliable Endpoints

sperm.deformity
sperm.viability
sperm.motility
sperm.matunty

Endpoint Category

sperm.dna.damag o
e o body._condition

endpoint

body weight reproduction
reproductive endocrine.signaling
ant. mullenian_hormone.cot
testosterone.con
luteinizinghormone._cor
folliclestimulatinghormone.con

~

Number of Studies Rep-::rt;ng Effect

(Only effects with statistical significant shown)




Highest Concern
Water advisory notice

(e.g. public notice for limited use)

Advisory Level
Elevated Concern

Mitigation strategies recommended

Response Level
Moderate Concern

=10x Notification Level Menitoring of potential sources, public
notification may be issued
Notification Level B e e e e e e e e

Low Concern

= Health-Prote e Concent tion g .

= Health-Protective Concentration Monitoring to assess agueous levels and
sources of contamination

|nuestlgatgry Level = o= on on o on oon oan e e o o -

No Concern

No action required

Non-regulatory el [ PossbleConcern =

I No responses required

|dentify necessary toxicity studiesg




Streamline Meta-Analysis with Open Data Repo

W@ToMEXApp



Exposure




Assessing Human Exposure

Plastic sources Exposure = /\\
3
Q.

@ y

# plastics in body

Filla

>

Mohamed Nor et al. (2021). ES&T
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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) 40




MP intake

Do We Consume a

“Credit Card Per Week?”

capita/day)
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“Credit card”
estimate from WWF

— 700 mg/person/day

95th Percentile Estimate:
17 mg/capita/day

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




Microplastics Accumulate in Humans

1012 (B) Adult
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Microplastics Found in Human Placenta

4/6 placentas contained
microplastics

©® @MicheleDoesArt

Ragusa et a. (2021). Environment International



— Risk
Probability to cause harm
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Nvylon Flock Worker Lung Disease
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Inlet section of a nylon flocking machine  Oven used to dry glue

Marmo et al. (2019). Journal of Loss Prevention in the Process Industries.




High Doses of Inhaled Microfibers Cause Lung Cancer

* Flock workers in Rhode Island plant
had 3-fold increase in lung cancer.?

* Fibers (2-14 um) found in lungs.?
 Chronic exposure -> inflammation?
* Pulmonary toxicity confirmed in vivo.3

SEM image of alveolar macrophage
interacting with nylon flock particle

IKern et al. (2011), Intern. Journ. Occ. & Env. Health.
2Porter, et al.(1999), J Toxicol Environ Health A.
3 Kern et al. (1998), Ann Intern Medicine




California Senate Bill 1422 (2018)

Deadlines

eFour years of testing

July 1,2021 ﬂ



Drinking Water Treatment Removes >10 um Microplastics
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Pivokonsky et al. Science of the Total Environment (2020).




Drinking Water Treatment Removes >10 um Microplastics

96% of Microplastics < 10um
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Microplastics Monitoring Decision Tree

Are surrogate Continue routine
measurements within Below Threshold surrogate

? oy
normal range? monitoring

Tier 1: Screening

Total Particles, etc.
e.g., TOC; particle counter

Above Threshold

Tier 2: Polymer Confirmation Visual microscopy or
Total plastic mass other advanced
confirmation tools
e.g., Pyro-GC/MS
Above Threshold

Tier 3: Particle Characterization Confirm & characterize plastics
Particle shape, size, distribution size, polymers & distribution
e.g., u-Raman; p-FTIR (FTIR, Raman)



Two-Phased Monitoring Approach in Drinking Water

Depth Phase

e Few water systems — —
e Characterize particle distributions Tvpical

e Diverse sources & treatments 2024 2026 Mo\rllri)torin
e Develop tier 1 methods / \\ g

e ————>

2022 Breadth Phase

e Many water systems
e Tiered monitoring approach

N~ _

Tentative approach. Dates subject to change.



Path Forward

» Health Workshop informs experiment needs
* Monitoring informs source control
» Water quality objective basis for regulations




In Summary...

* Standardized methods coming soon

* More toxicity studies needed
* Monitoring in California 2021

W @DrSCoffin
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