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Overview:
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• Ubiquitous in surface waters (lakes, rivers)

• Removal during drinking water treatment - poorly understood

• Health risk - not well defined:
• Especially when considering small microplastic particles <20um

Potential Health Impacts (2019 WHO): 
1) Physical (especially <20 µm particles)

2) Chemical - Identify polymer (plastic) types
- “Adsorption” of chemicals of concern (CECs),
- “Leaching” of chemical additives,

3) Toxicological – Impact on human health

Complex 
Potential Health 

Impacts!



Monitoring Objectives: 
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Drinking water - Human health impacts
• Ultimately – need info to quantify an acceptable level of risk (associated with microplastics) 

What/how do we want to monitor?
• Influent/finished water?  

(Obtain occurrence, baseline data? 
assess treatment performance)

• Collect discrete or composite?

What do we want to quantify?
• Particle size (minimum size? size distribution?)

• Polymer types? (Analyze using Raman or FTIR?)

• or Total polymer mass? (Analyze using Pyro-GC/MS?)

• Polymer-associated chemical additives?

Need to define an “appropriate” monitoring & analysis strategies



1) Physical Characteristics: (What Particle Sizes to Monitor?)
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Jour Water Research (2021) - Kirstein et al. “Quantification and qualification of microplastics” 

Previous data - Kirstein et al. (2021) -
suggests approx 35% of all particles ≤ 20μm

Our recent DWRG data shows: 
80 - 90% ≤ 20μm (in treated water)

Important to include smallest 
particle size possible ≈ 1-2 μm!

(Depends on both particle separation 
methodology & analytical capabilities)
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Raw and Treated Drinking Water

Author
Concentration (particles/L)

Lower Size Limit

Raw Water Treated Water Tap Water

Wang et al. (2020) 6,614±1132 930±72 Not Measured > 1 μm

Mintenig et al. (2019) 3.7×10-3 0.7×10-3 0 > 20 μm 

Ball et al. (2019) 4.9 0.00011 Not Measured > 25 μm

Pivokonsky et al. (2018)

WTP 1: 1,473±34

WTP 2: 1,812±35

WTP 3: 3,605±497

WTP 1: 443±10

WTP 2: 338±76

WTP 3: 628±82

Not Measured > 1 μm 

Uhl et al. (2018) < LOQ < LOQ < LOQ > 60 μm

Tap Water Only

Author Concentration (particles/L) Lower Size Limit
Strand et al. (2018) 0.58 > 100 μm

Questions: 
What sampling methods 
were employed? 
• Smallest Size? 

(collected/analyzed)
• Volume of Water Filtered?

Sampling and Analytical Studies (Global)
- Microplastic Occurrence in Drinking Water

Our recent DWRG data shows: 
80 - 90% ≤ 20μm (in treated water)



6

Sampling and Analytical Studies (North America)
- Microplastic Occurrence in Drinking Water



Sampling Volumes: (Surface waters - rivers/lakes, drinking water)
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Koelmans et al.(2019) – Suggests “500 L as a minimum sample volume for 
surface water. However, given the often very low particle number 
concentrations in some lakes and rivers, a volume > 500 L is recommended”.

“For tap water (range 1 × 10−4 to 100 particles per litre), a greater sample volume 
is proposed compared to surface water. Advise a minimum volume of 
1,000 L, because concentrations can be very low”.

Koelmans et al., 2019. Microplastics in freshwaters and drinking water: Critical review and assessment of data quality.
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High Capacity Sampling – Large Volumes (150 to > 1,000+ L)

Automated
Sampling Control & Data 

Acquisition System System
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High Capacity Sampling (≈250L/hr) – Sampling Control & Data Acquisition System

Total Volume 
Filtered

Flowrate Operate as “Declining Rate” or “Constant Rate”, 
or respond to press drop across filters

Control/record 
sample collection 

data

Inlet pressure
After 20um filter

After 2um filterMonitor pressure 
across Individual 

Filters (20um & 2um)
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Pyrolysis GC/MS

FTIR Spectroscopy

µ Raman Spectroscopy
(Particles – all sizes, Measure mass, 

polymer type, Destructive technique)

(Particles >20um, size, shape, colour)

(Particles >1um, size, shape, colour)

Time - A few hours

Time - A few days

Time - A few days

IMPT! -Require sample 
“clean-up” using 

digestion step prior to 
analysis

2) Chemical Characterization of Polymer types: (Analytical Methods)
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Combine Sampling (Large Volume) + Analysis (Polymer Size & Type) 

Conventional drinking water treatment facility

Inlet pressure
After 20um filter

After 2um filter
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• High recovery - reduce particle loss

• Reduce/eliminate atmospheric contamination 

• Efficient procedure – reduce sampling time 

• On-site - eliminate need to transport (large volumes) of water to lab
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Sampling - High Capacity (closed system) on-site filtration

Microplastic Analysis

• Raman Spectroscopy – preferred method to identify small MP particles (<20um)

Recommendations:



Summary – Optimal Sampling & Analysis Methods

1) Select appropriate sampling & analysis strategy! 
(Consider microplastic conc. & study objectives),

2) Sampling configuration/mesh size - depends on source water quality 
and desired level of microplastic quantification,

3) Volume filtered – greatly depends on water quality, applied 
pressure/flowrate, filter mesh size,

4) Whenever possible, conduct initial sampling trial!!!
- Helps to identify optimal sampling approach
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What We Don’t Know (Varying levels of uncertainty):

• Removal of microplastics by treatment processes - Ongoing
• Diurnal/seasonal fluctuations in source/treated water – Ongoing
• Presence of chemical additives (in virgin and weathered microplastics) - Ongoing

What We Know:
• Appropriate volume to be sampled (> 1,000L)
• Appropriate MP size range (1um - 100um) - to be collected and analyzed,
• Appropriate analysis methodology (Raman spectroscopy)
• Occurrence of microplastics in source & drinking waters - Ongoing

Summary - What We Know & Don’t Know
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1) Identify specific chemical additives

2) Determine which chemicals contribute to toxicity

3) Quantify concentrations of chemical additives for various polymer types

3) Chemicals Associated with Toxicology (Potential Health Concerns)
- What We Ultimately Need to Know:

– In addition to Microplastic Occurrence/Removal Data & Polymer Types

- Obtain Info for Subsequent Toxicological Assessment – to estimate potential human health impacts
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3) Chemicals Associated with Toxicology (Potential Health Concerns)
- What We Ultimately Need to Know:

Microplastic (ingestion) threshold values - to avoid adverse health impacts 
(Types? Mass? Concentration? Size distribution?)

• Mode of action of microplastics within tissue (in-vivo)
• To-date, limited in-vivo mammalian toxicity studies have 

only considered PS & PE, (unknown chemical additives)



Ongoing DWRG Microplastic Studies (2023-2025):

Quantify microplastic occurrence & removal at 15 WTPs: 

• Varying source water quality/wide range of treatment processes (+ distribution)

Assess using both Raman and Pyro-GC/MS methods 

- obtain water quality data – (particle counts, turbidity, etc.) – to elucidate 
potential relationships

Continue assessment of microplastics as contaminant vectors:

• Strong focus on identification of chemical additives (in weathered plastics)

• Quantify toxicological impacts (in-vitro & in-vivo)
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Primary Microplastics Funding:
Natural Sciences and Engineering Research 
Council (NSERC) - Alliance Program

Environment and Climate Change Canada 
(ECCC) - Increasing Knowledge on Plastic 

Pollution Initiative

Municipal & Industry Partners:
City of Barrie 
Durham Region
Eugene Water & Electric Board
Lake Huron and Elgin Area Primary Water 
Supply Systems (London)
Peterborough Utilities Commission
Ontario Clean Water Agency
Regional Municipality of York
Regional Municipality of Peel
Toronto Water
Brown & Caldwell

+



Questions?

robert.andrews@utoronto.ca
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