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varying degrees of removal, and individual processes 

are not well-characterized. Thus, the objective of this 

research is to help close this knowledge gap by profiling 

key unit processes and correlating treatment efficacy 

with microplastics attributes, water quality data, design 

criteria, and operational parameters, thereby informing 

facility optimization.
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Valley Water CA Sac. - San Joaquin Delta Coagulation, flocculation, settling, ozone, biofiltration, chlorination
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Conventional Pretreatment 12 Wide variety of coagulants and doses

Dissolved Air Flotation (DAF) 1

High-Rate Clarification 1

Forced Draft Aeration 1

Ozone 6 Potential for microplastic embrittlement…?

Media Filtration 10 Various types and configurations

Biofiltration 3

Microfiltration (MF) 2 Nominal pore size = 0.1 µm  (100 nm barrier)

Ultrafiltration (UF) 1 Nominal pore size = 0.01 µm  (10 nm barrier)

Granular Activated Carbon (GAC) 1

Lime Softening 1

UV Disinfection 1 Potential for microplastic embrittlement…?

Chlorination 15 Potential for microplastic embrittlement…?

Sample Regime

• 16 water treatment plants

• 13 unit processes

• Strategic replicates

• Blanks

• Matrix spikes
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Chlorination 15 Potential for microplastic embrittlement…?

Potential Constraints

• No sample tap

• No access to prescribed 

sample location

• Time / resource limits

• Others…?

Acknowledged that not 
every process at every 
WTP will be sampled
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deployed for 
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designated WTP 

location
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Overview of Utility Partners Sampling Challenges

• No sample tap(s) associated with target location(s) in the treatment train

• No access to target sampling location(s) in the treatment train

• Determining appropriate sampling depth (as applicable)

• Unwieldy apparatus for field filtration (current best practice)

• Specialized training required:
- Working with the apparatus

- QA/QC practices

• QA/QC Practices:
- Limit use of plastic materials, components, and equipment

- Wear clothes made of non-synthetic textiles

- Prevent potential for deposition of ambient airborne microplastics

- Incorporate strategic blanks

• Time required to collect appropriate sample volume

Reminiscent of early Cryptosporidium 

field filtration sampling…

…combined with rigorous PFAS-scale 

QA/QC requirements.
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1. Cumbersome sampling

2. Time- and labor-intensive analysis (for enumeration methods)

3. Extensive array of variables

Dissecting the Difficulties
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Overview of Utility Partners Intensive Analysis

• QA/QC Practices:
- Limit use of plastic materials, components, and equipment

- Wear clothes made of non-synthetic textiles

- Prevent potential for deposition of ambient airborne microplastics

- Incorporate strategic blanks

• Sample prep (“clean-up”)‡

• Particulate counting‡

‡  Enumeration methods

Sample Regime

• 16 water treatment plants

• 13 unit processes

• Strategic replicates

• Blanks*

• Matrix spikes*

153 Samples 

Prescribed

* Not included

Assume 4 hours per 

sample for analysis

Probably an 

ambitious 

assumption

(on average)
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Overview of Utility Partners Intensive Analysis

• QA/QC Practices:
- Limit use of plastic materials, components, and equipment

- Wear clothes made of non-synthetic textiles

- Prevent potential for deposition of ambient airborne microplastics

- Incorporate strategic blanks

• Sample prep (“clean-up”)‡

• Particulate counting‡

‡  Enumeration methods

Sample Regime

• 16 water treatment plants

• 13 unit processes

• Strategic replicates

• Blanks*

• Matrix spikes*

153 Samples 

Prescribed

* Not included 15+ 
weeks

Assume 4 hours per 

sample for analysis
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Overview of Utility Partners Intensive Analysis

• QA/QC Practices:
- Limit use of plastic materials, components, and equipment

- Wear clothes made of non-synthetic textiles

- Prevent potential for deposition of ambient airborne microplastics

- Incorporate strategic blanks

• Sample prep (“clean-up”)‡

• Particulate counting‡

‡  Enumeration methods

* Not included

Cost…?

153 Samples 

Prescribed

Sample Regime

• 16 water treatment plants

• 13 unit processes

• Strategic replicates

• Blanks*

• Matrix spikes*

✓Time-intensive

✓Cost-intensive

Static exercise that cannot account 

for the wide potential for variability
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• Temperature

• UV254

• Specific UV Abs. 

(SUVA)

Dissolved Air 

Flotation

• Bubble Surface 

Modification Agents

• Air Saturation Pressure

• Mixing Intensity (G)

• Detention Time

• Settling Rate

Potential Points of Variability
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Information

Water Quality 

Parameters

Media 

Filtration

• Pre-Oxidant Use

• Pre-Oxidant Type

• Pre-Oxidant Dose

• Filter Media Type(s)

• Filter Bed Depth(s)

• Filter Bed L/d Ratio

• Filtration Rate

• Abiotic vs. Biological

Membrane 

Filtration

• Backwash Practices

• Chemical Cleaning 

Practices

• Pore Size Distribution

Potential Points of Variability

Because these are intermittent practices, 

WHEN sampling occurs is important.
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Unit 

Process(es)

Operational 

Parameters

Design Criteria / 

Information

Water Quality 

Parameters

Media 

Filtration

• Pre-Oxidant Use

• Pre-Oxidant Type

• Pre-Oxidant Dose

• Filter Media Type(s)

• Filter Bed Depth(s)

• Filter Bed L/d Ratio

• Filtration Rate

• Abiotic vs. Biological

Membrane 

Filtration

• Backwash Practices

• Chemical Cleaning 

Practices

• Pore Size Distribution

General / 

Overall

• Flow • Open Air Intakes

• Upstream Pumping

• Upstream Oxidants

Potential Points of Variability
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Three Core Sets of Challenges

1. Cumbersome sampling

2. Time- and labor-intensive analysis (for enumeration methods)

3. Extensive array of variables

Process Design 

Criteria & Information

Process Operational 

Parameters

Water Quality 

Parameters

Microplastics 

Attributes
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But there are many other potentially 

applicable attributes of microplastics
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• Enumeration

• Mass concentration

• Morphology

• Polymer type

• Surface roughness

• Surface charge

• Surface area

• Size

Any of these attributes could 

potentially influence 

treatment or health effects.



Annual Fall Conference 2020

What are the key topics?What are Microplastics?Microplastics Attributes

Aspects of Interest

• Enumeration

• Mass concentration

• Morphology

• Polymer type

• Surface roughness

• Surface charge

• Surface area

• Size

Microplastics are 

unlike any other 

contaminant.
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Dissecting the DifficultiesDissecting the Difficulties: Implications

✓ Studying microplastics is inherently challenging. 

✓ There is a lot to learn about microplastics fate, transport, and removal 

efficacy in water treatment systems.

✓ WRF 5185 represents a significant step toward this goal…  

    …but many more steps will ultimately be necessary.

✓ The drinking water community will need to be cleverer about 

characterizing microplastics removal and associated regulations 

(if/when applicable) than for any other contaminant.
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+1 (760) 602-3828

brent.alspach@arcadis.com

Thank you for your attention!

Brent Alspach, PE, BCEE

VP & Director of Applied Research
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