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Microplastics: The Big Picture

Many more important 

questions than 

answers!

✓Create awareness of critical questions

✓Build institutional knowledge

✓Foster discussion

✓Advance the discourse 

Presentation Objectives

The need is imminent
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Problematic Magnitude

13.3 quadrillion

plastic fibers 

released in 

2019 alone*

* UC Santa Barbara study

for The Nature Conservancy California;

not yet published or peer-reviewed
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Microplastic Ubiquity!

Microplastics 

are everywhere

…including water 

supplies.

Are these 

microplastics?

Depends on

who you ask...!
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Most contaminants do not require 

a formal regulatory definition
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1-4-Dioxane

Contrasting 

Paradigm
(examples)
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• No precise scientific meaning
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• …not “micro” in terms of rigorous SI units

• Subjectively characterized and classified

What are Microplastics?

Prescriptive?  Descriptive?
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Microplastic Ubiquity!

“Defining” Characteristics

• No precise scientific meaning

• “Micro” in the descriptive/qualitative sense…

• …not “micro” in terms of rigorous SI units

• Subjectively characterized and classified

What are Microplastics?

Microplastics definitions will be statutory

“’Microplastics in Drinking Water’ are defined as 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.”

Adopted June 6, 2020

California State Water Resources Control Board

Well-below accurate and reliable 

detection with current methods
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excluded.”

Adopted June 6, 2020

California State Water Resources Control Board

Readily visible with the naked eye
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excluded.”

Adopted June 6, 2020

California State Water Resources Control Board

Size range spans nearly 

seven orders of magnitude
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Microplastic Ubiquity!

“Defining” Characteristics

• No precise scientific meaning

• “Micro” in the descriptive/qualitative sense…

• …not “micro” in terms of rigorous SI units

• Subjectively characterized and classified

What are Microplastics?

Informally: Plastic particulates you can’t see

Figure source: https://tmkorter.expressions.syr.edu/plastics/
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What are the Key Issues?

1. Occurrence

2. Analytical Methods

Critical considerations:

• Sample contamination

• Turnaround time

• Automation

• Resolution

• Reliability

• QA/QC

Many inherent questions 

with this consideration
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2. Analytical Methods

What do we need /

want to know?

Quantification
Enumeration?

Mass?
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Size characterization
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Origin?

Mechanism 

of formation?

◄ Interests ►

Breakdown Breakdown

• Mechanical

• Chemical

• Biological

• UV
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What are the Key Issues?

1. Occurrence

2. Analytical Methods

What do we need /

want to know?

Quantification
Enumeration?

Mass?

Morphology

Size characterization

Polymer type

Source:  Hale et al. 2020. A Global Perspective on Microplastics. Reviews of Geophysics.

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JC014719%4010.1002/%28ISSN%291944-9208.GRANDCHAL1
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Figure source: https://flowvella.com/s/x2c/presentation-end
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What are the Key Issues?

1. Occurrence

2. Analytical Methods

How can we be confident 

that our data are good?
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Are Microplastics in Drinking Water?

Not that simple
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Are Microplastics in Drinking Water?

Example Treated Water Supplies

Attribute Supply 1 Supply 2 Supply 3

Particles (#/L) 0 10 1,000

Mass

Water Quality

Method

Treatment

Very important 

qualifying information
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Are Microplastics in Drinking Water?

Example Treated Water Supplies

Attribute Supply 1 Supply 2 Supply 3

Particles (#/L) 0 10 1,000

Mass

Water Quality

Method Many important questions!

Treatment

Sizes…?

Detection limits…?

Sampling protocol…?

QA/QC…?
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Are Microplastics in Drinking Water?

Example Treated Water Supplies

Attribute Supply 1 Supply 2 Supply 3

Particles (#/L) 0 10 1,000

Mass

Water Quality

Method

Treatment What treatment processes were used?
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Surface Charge?   

These attributes affect treatment efficacy for 

coagulation, flocculation, settling, and filtration.
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“In theory, microplastics have 

no lower limit in size…”
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UK Study

Highlights:

• Concentrations of microplastics in potable water 

supplies are very low

• Water treatment removal efficiency 

characterized as >99.99% (4-log reduction)

• Size distribution suggests greater numbers of 

smaller microplastic particulates

Limitations:

• Method resolution of >25 µm

• Number of smaller microplastics is likely 

underestimated

• Better methods and protocols are needed

“Whilst this ultra-small particle 

fraction may be numerous, 

its contribution to the total mass 

is likely to be trivial.”

Not the only issue…!
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Size Matters

Particulate Size Influences:

• Residence time in the human body

• Intrinsic particulate toxicology

• Secondary contaminant toxicology

• Treatment efficacy

vs.

Volume

(mm3)

# of 

Particles

Particle

Diameter

(mm)

Total Surface 

Area

(mm2)

Surf. Area

Magn.

Factor

523,598,333 1 1,000 3,141,590 1

523,598,333 10 464 6,768,350 2.2

523,598,333 100 215 14,581,969 4.6

523,598,333 1,000 100 31,415,900 10.0

523,598,333 10,000 46 67,683,505 21.5

523,598,333 100,000 22 145,819,691 46.4

523,598,333 1 billion 1 3,141,590,000 1,000

523,598,333 1 quintillion 0.001 3,141,590,000,000 1,000,000

Influence of Particle Size on Surface Area
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? Can treatment processes 

remove microplastics?

? What is the potential

contribution of microplastics in 

treated wastewater to drinking 

water sources?

3. What is the analytical    

method resolution for 

particulate size?

The Intersection of Key Questions

Lack of information 

undermines study results.
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These attributes affect treatment efficacy for 

coagulation, flocculation, settling, and filtration.

Can WTPs Remove Microplastics?

Our treatment processes 

are very effective for removing 

conventional particulates.

How comparable 

are microplastics?

Size?   

Density?

Morphology?

Surface Charge?   
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Can WTPs Contribute Microplastics?

Conventional 

Treatment

Filter underdrains

Tube / plate settlers

Polymer

We actively add plastics

in the treatment process
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Can WTPs Contribute Microplastics?

Conventional 

Treatment

Filter underdrains

Tube / plate settlers

Polymer

Advanced 

Treatment

IX and GAC vessels

MF/UF (polymeric)

NF/RO
Membrane materials

Elements

Pressure vessels

Other Common 

Components

Piping
(e.g., PVC)

Coatings 
(e.g., epoxy)

Chemical systems
Storage tanks

Tubing

Feed pump parts
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Can WTPs Contribute Microplastics?

All materials 

(even “certified”) 

can exhibit leaching 

or particle shedding 

in water.

Two critical questions:

1) Concentration

2) Kinetics

Extent depends on 

materials and water quality
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The Alternatives…?

All contain significant 

plastic materials.
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Is Toxicity a Concern?

Poorly 

understood

…and potentially 

complicated.

Potential variability:

• Size

• Polymer material

• Residence time in the 

human body

• Sorption of secondary 

contaminants

Sorption potential varies 

with polymer type
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► Inert particulates <150 µm can pass into the mammalian gut
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Is Toxicity a Concern?

Potential variability:

• Size

• Polymer material

• Residence time in the 

human body

• Sorption of secondary 

contaminants

Study Matrix
Smallest Size 

Range Reported

(µm)

Fraction of

Total Particles 

(%)

Mason et al. 2018 Bottled water 6.5 - 100 95

Omann et al. 2018 Bottled water 1 - 5 > 90

Schymanski et al. 2017 Bottled water 5 - 20 ~ 80

Pivokonsky et al. 2018 Drinking water 1 - 10  95

California definition:

> 1 nm
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What’s on the Horizon?

California State Mandate:

• Definition adopted in 2020

• Standard analytical methods

issued on September 29, 2021

• Four years of sampling at 

drinking water treatment plants 

(window of timing TBD)

Yield extensive database of broadly comparable apples-to-apples case studies
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2. Analytical methods

3. Treatment efficacy

4. Particle shedding
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Foundational
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Ongoing Research Needs

Needs are not 

just topical

Topic Area

1. Occurrence

2. Analytical methods

3. Treatment efficacy

4. Particle shedding

5. Toxicology
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Ongoing Research Needs

Execution

✓Connection

✓Conversation

✓Coordination

✓Collaboration 

Topic Area

1. Occurrence

2. Analytical methods

3. Treatment efficacy

4. Particle shedding

5. Toxicology



Annual Fall Conference 2020

Thanks for your attention!

Oceanside, CA

+1 (760) 602-3828

brent.alspach@arcadis.com

Brent Alspach, PE, BCEE

Director of Applied Research


