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DISPOSABLE ITEMS CUT DOWN HOUSEHOLD CHORES



PIast_ic Generation may Double by 2030

CALIFORMNIA

Water Boards s
— 40
Figure and projections 5| 35
from Lebreton and
— 30
Andrady (2019),
Palgrave o' —2s

B Plastic Pollution to-date
— 20 | Business as usual

| Minimal reduction scenario
I Moderate reduction scenario
B Strong reduction scenario

Communications

Data from Geyer et. al, =[5
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Plastic fragments in environment

CALIFORNIA (‘ . -
Water Boards <

5

Figure from -
Hepso , Environmental
Science & Technology,
2018.

Polyethylene mechanically weathered with sand for 80 days. Optical light microscopy image.
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Plastic breaks down and enters surface water
% Atmospheric

emissions and
Water Boards depositon

Figure from World Health Organization (2019)
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CALIFORNIA

Water Boards

e <6 percent of dustinre
mote areas are micropl
astics
> 1,000 metric tons are
deposited in Western N
ational Parks yearly fro
m aeolian transport.

Wind and Rain transport Microplastics

Average Wet + Dry Plastic Deposition in 2018

Total plastic m-2 day-1
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Figure and data from Brahney et al. (2020). Science

NEMC 2020 (Coffin): Microplastics in Drinking Water: California’s Regulatory Actions




California Senate Bill 1422 (2018):
Microplastics in Drinking Water

e State Water Board must define ‘micr
oplastics in drinking water’

e Adopt standard analytical method(s)

e Adopt requirements for four years of te
sting and public disclosure of results

e Consider issuing a notification level or o
July 1,2021 ther guidance

e Accredit qualified laboratories (ELAP)

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

< e |nitiate Statewide Microplastics Strat
egy

2021

e Develop risk assessment framework
e Develop standardized methods

e Establish baseline occurrence data

* |nvestigate sources and pathways

2025 e Recommend source reduction strat
egies

Deadlines
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The Road to Defining ‘Mic iy

Water Boards roplastics’ g3 e

* November, 2019- February, 2020: Definition drafting ? “ 4
* February, 2020: Independent expert peer review .,,

* March 24 - April 24: 30-day Public Comment Period
* April 7, 2020: Staff Workshop at State Water Board
* June 16, 2020: State Water Board Adopts Definition
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% Microplastics is a Diverse Contaminant Suite

Water Boards

Polymer
PP
LDPE
HDPE
PVC
PU Additives
PET Plasticizers
PS Colorants
ABS Reinforcements
PMMA Fillers
POM Flame retardants
PBT Stabilizers
PC
PA
SAN
PEEK
PSU
PU

Figure from Rochman, et al. Environmental toxicoloc]:]y and chemistry (2019)
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Product types

Primary

Pre-production pellets
Personal care products
Industrial abrasives...

Secondary

Agricultural materials
Beverage bottles

Carry bags

Construction materials

Containers
Clothing
Cutlery
Electronics

Food packaging

Film
Furniture
Insulation

Mattresses
Medical
Pillows
Pipes
Textiles
Toys
Tires

Morphology

Fiber bundle
Fragment

Colour
Red
Orange

Tan
Brown
Offf whitte
White
Grey
Blue
Green
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Eco-toxins

PAHs
PCBs
DDT
Heavy metals
PBDEs

11



w Towards a Consensus on Size

CALIFORNIA

Water Boards
Lo T ulHIEEE  mesoplastics ~ macroplastics

NOOAs 2009 <5000 pm
EU Commissionzz 2011 [ EETLN
EU MSFD WG-GES# 2013 20-5000 pm 525 om >25cm

GESAMPz 2015 ooEma 1-1000 pm 1-25 mm 2.5-100 cm
EFSA (CONTAM)s 2016 1100 nm 0.1-5000 pm

U.S.EPA 2017 <5000 pm EJE

Ocean Protection Council 2018 <5000 pm

World Health Organization 2019 <5000 pm
European Chemicals Agency 2019 1nm - <5000 um
Environment and Climate ;g3¢ <5000 pm
Change & Health Canada
L ] | | 1 ] | 1 .
10 108 1077 10 10 10 10 107 particle size [m]
1nm 1 um 1 mm 1cm

Figure adapted from Hartmann et al. (2019), ES&T
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Official Adopted definition (June 6, 2020)

CALIFORNIA

Water Boards "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

Large Micropla
stics

Sub-micron PI
astics

Nanoplastics

Small Microplastics Mesoplastics = Macroplastics

1-100 nm 100-1000 nm 1-100 pm 100-5000 ym 722 MM >2.5cm
| | | | | | | |
10° 108 1077 106 105 104 103 102
1 nanometer 1 micrometer 1 millimeter 1 centimeter

Particle size [m]
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% European Definition: Excludes Biodegradables

IIIIIIIIIIII

‘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, 1

CHA

EUROPEAN CHEMICALS AGENCY

lEuropean Chemicals Agency (2019). “Annex XV Restriction Report Proposal for a Restriction: Intentionally Added Microplastics. Version 1.2
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PLA (Polylactic Acid) -

|
d

Hexavalent chromium
more bioaccessible from
biodegradable polymer
polylactic acid (PLA) in
simulated human gut
than ‘traditional’
polymers (polyethylene,
polypropylene, polyvinyl
| chloride, polystyrene)?
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asing smal inkestinal Large infestinal
Digesitive Phase
Liao and Yang (2020), Science of the Total Environment
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Polymers included in Adopted Definition
‘Microplastics in Drinking Water’

Derived monomer or physical constituent Examples
polyethylene, polypropylene, polyurethane,
Petroleum-derived polyethylene terephthalate, polystyrene, polyvinyl
chloride (PVC), polyester
bio-polyethylene terephthalate, bio-polyethylene,
polylactic acid, polyhydroxyalkanoates

Inorganic or inorganic-organic hybrid polymers  elastomers such as silicone
Chemically modified natural polymers Polymer-grafted cotton/wool, cellulose acetate
Chemically modified natural rubber Tire wear particles

Chemically modified cellulose cellophane

acrylonitrile-butadiene-styrene [ABS], ethylene-vinyl
acetate [EVA], styrene-butadiene rubber [SBR]

nylon, glass fiber-reinforced polyester, graphite
Polymer composites reinforced epoxy, cotton/wool-polyester textile

blends
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Non-petroleum biologically derived chemicals

Copolymers




o Method Development and Standardization

* >35 |laboratory participants in 7 countries
* Workshop Report-Out: October 6, 2020 (afternoon)
* The Southern California Coastal Water Research Project (SCCWRP)

Ry e
Sstablished 199°

 Matrices: Drinking water, ‘dirty water, fish tissue, sediment

e b e A -
. ] 1of ~
‘ » Lo .- -
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= Method Development: Sizes and Instruments

Water Boards

BTATE WATEA RES

I 1 um : I 1 mm LZ'mm
1 | j

I1nm
[

SAMPLING

LEGEND
p-Raman

H-FTIR (t)

M-FTIR (r)

n ATR-FTIR
ATR-FTIR/Ramen

\
California’s definition for microplastic particle size (1 nm-5 mm)
1 1 1 1 1
| | [ Nets
| I |
I I | Sieving
| | |
| Filtration |

ATR-FTIR/Raman

Raman microscopy

Fourier-transform infrared spectroscopy microscopy in transmission mode
Fourier-transform infrared spectroscopy microscopy in reflection mode

Micro attenuated total reflection Fourier transformation infrared spectroscopy
Attenuated total reflection Fourier-transform infrared spectroscopy
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STATE WATER RESOURCES CONTROL BOARD
AEGIONAL WATER QUALITY GONTROL BOARDS

Lower detection size limit for most labs:
20-100 pum (u FTIR)

Majority of labs use ATR-FTIR lower
detection size limit: 330-333 um

Proportion of cut-off sizes

Figure and Data from

Adam et al. (2018). Environ

mental Toxicology and Che

mistry
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Sampling cut-off size (pm)




Senate Bill 1422 (2018):
Microplastics in Drinking Water

Deadline
July 1,2021

{  Provide accreditation for qualified laboratories

- ’ 11 1
o
3,
u
»
]
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g b=
mlhaestie—a it il

Environmental Laboratory Accreditation Program

* Available to commercial l[abs everywhere
* Quality Assurance will be critically assessed (i.e. clean labs)

* Proficiency Testing (PT) samples will be utilized (still looking for vendors)
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w Drinking Water Microplastics Studies Vary in Qualit

Water Boards

A
AT
Gi

e Average Quality Score per Criterion (n=50 studies)

Sampling 1.57

Quality of Drinking Water Monit gt 12
oring Studies assessed for World [
Health Organization (2019) Volume

Digestion

* Based on lit. review “best practices” [Esa—m—"

» Studies quantitatively assessed base
d on set criteria (2, 1, O points)

Lab.Prep.
Clean Air

P.Controls

Koelmans et al. (2019), Water Research.
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Senate Bill 1422 (2018):
Microplastics in Drinking Water

LLLLLLLLLLL

Deadline
July 1,2021

e Consider issuing a notification level or
other health-based guidance level

Notification level = health-based advisory level established
by the State Water Board for chemicals in drinking water
that lack maximum contaminant levels (MCLs).

Requires timely notification if exceeded.
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Water Boards

Hazard 83 Exposure = Risk

Potential to cause harm Probability to cause harm
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w Exposure: Microplastics Abundant in Water

CALIFORNIA

Water Boards

Denmark

Germany

Tap Water: 0-1,000
microplastics/ liter

| Switzerland
I Indonesia
I Slovakia
I Uganda E
Ecuador
I India
Lebanon
I Cuba
| /SA
] UK.

=100

"y

Lebanon

Germany

Particle size (pm)

Brazil

Kenya F-Ram'dl]

China

Mexico or other technologies

India

Bottled water: 10- 1,000,000
microplastics/liter

=100

oL

Indonesia
Thailand
UsA
Germany
Italy

Data and Figure from |
Zhang et al. (2020), Environmental Science & Technology "

1 10 102 1P 1 ¥ 10% 1D 1# e

Abundance of microplastics (item-L-1)
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|A) Male, Adult  Estimated exposure: 120,000 particles/year?!

Figure and data from
Cox, et al,
Environmental Science
& Technology, 2019
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Opening a plastic water bottle releases
14-2,400 microplastic particles

w A4 Figure from

Winkler, et al. Water Research (2020).

d: Chocolate bag

) I ] Opening a plastic
§ snack bag releases
14,000-75,000

Figure from o LI dd == microplastic particles

Sobhani, et al. Sci Rep (2020).
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* Household dust is 2.6% microplastic (range: 1.5-13%) 1
* Indoor (23 g/kg) > outdoor (1.6 g/kg)*
* Fibers dominate (~88%)*

Microfiber in dust?

1C. Liu et al, Environment International 2019

. . . . Image: @HaggardHawks
’Dehgani et al., Environmental Science and Pollution Research 2017
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>5um

Trapped in upper airways

1-5pum

Deep lung deposition

<1pm
Reach pulmonary alveoli
through diffusion

500 nm

Phagocitosys by AMs
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* Plastic products (food-contact materials) contain ~40-1,000 added chemicals?

~80% of chemicals in plastic cannot be identified (Confidential Business Info)?

>350,000 approved for use in commerce?

>75,000 unique polymers in commerce?
>120,000 chemicals unknown ps J\PLA M

PET Chemical analysis
? PP S

(X X JoX X JoI JoleleX )
™ 0000 00000000®
000000000000
00000000000
? Q0000000000 ®
[ ] Q00000000000
? ° 000000000000

H In vitro bioassays

1Zimmerman et. Al (2019) ES&T. Figure from Zimmerman et. Al (2019). ES&T.

2\WWang et. Al (2020). ES&T.
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Water Boards

* Microplastics accelerate biological invasion? 10‘;‘
10°4

* Microplastics transfer pathogenic and
antibiotic resistant genes?

102_
101_

(TCIDg,/liter of air)

]_O'G'_

(TCIDgo/ml of medium)

» Coronavirus viable on plastic up to 3 days3
* SARS-CoV-2 H6LiTs
Cardboard * SARS-CoV-1 Stainless Steel

IMcCormick et al., (2014) M 5
Environmental Science & 1054
Technology ; 107+
27ettler et al., (2013) Environmental [ ] 5 101
Science & Technology ' 100

3Doremalen, et al. (2020). New 24 48 72 96 0 1 4 8 2448729
England Journal of Medicine,
March.

Hours

Figure from Doremalen, et al. (2020). New England Journal of Medicine.
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Water Boards

1 um polystyrene particles e
demonstrated cytotoxicity in a human [
monoculture cell (Caco-2), while 4 pm Bl

and 10 um particles were not cytotoxic.
Stock et al. (2019). Archives of Toxicology

60%

cell viability

40%
20%

0%
1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09 1E+10
pg particle mass/mL

~ Human macrophages uptake
*  polystyrene particles up to

10 um in size.
Figure from Bruinink et al. (2015). Archives of Toxicology.
oo AR ; .
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CALIFORNIA

‘v Human Health of Microplastics: No Ewdence of Safety

Watel Boards py

i 'l' .
"The absence of evidence of ' ..‘. ..:__
microplastics risks currently does= = € = =

not allow one to conclude that .
risk is either present or absent|. **. MICRO-
with sufficient certainty’” & & PLASTICS

IN NATURE AND SOCIETY

"SAPEA (2019)

SAPPEA
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% Health Effects of Microplastics Symposium

CALIFORNIA

Public Workshop
October 7, 2020

T rrT—
Stablished 196

Invited Experts
o Dr. Susanne Brander (Oregon State University)
BE=l © Dr. Matthew Cole (Plymouth Marine Laboratory)
M . D Bart Koelmans (Wageningen University)
o Dr. Chelsea Rochman (University of Toronto)
Fsech pnoness ok o Dr. Martin Wagner (Norwegian University of Scie
P\'-imnn:g nce and Technology)
| > Valerie Stock (German Federal Institute for Risk A

Human Health ssessment)
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= L . |
% AP Accreditation Coming Soon

AAAAAAAA

Water Boards June 2021
i bsERAn BATSR &V AR Funas Adopt Standardized Method,
September 2018 Adopt 4-year sampling/analysis plan
SB 1422 Accredit Qualified Laboratories
(California Safe Drinking Consider Health-Based guidance level JU':Y 2025 ->
Water Act: microplastics)  July 2020 SB 1422bﬁi|;ERAT|ON

Adopt Definition of
'Microplastics in Drinking Water'

enacted

* June 31, 2021: ELAP will provide accreditation to qualified laboratories
* June 31, 2021: Standardized method(s) will be adopted
* Vendors for proficiency testing samples still needed...



Thank you!

CALIFORNIA

Water Boards

STATE WATER RESOUVURCES CONTROL BOARD

AEGIONAL WATER QUALITY CONTROL BOARDS

More Information:
waterboards.ca.gov/drinking water/

certlic/drinkingwater/microplastics

Direct Inquiries to:
Scott.Coffin@waterboards.ca.gov

W @0rscoffin



Defining Microplastics: An Interagency Effort
CalEPA \: g'l.-/ﬂ).-ma Deparement of

California Environmental =
Protection Agency Pu bl ICHealth t
Ldtrans

CalRecycle \>~=;

@

OCEAN
PROTECTION

~ COUNCIL

~_~

Department of Toxic
Substances Control

. OEHHA |... @ "

W t B d California Office of Environmental
e §E9£URCE59§¥SOA§ Health Hazard Assessment c 0 A S T A L

AAAAAAAAAAAAAAAAAAAA GONTROL BOARDS COMMI SSI ON

Established 19°°
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