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About 
Me

• Professor in the Department of 
Geography, Geomatics and 
Environment at the University of 
Toronto Mississauga

• Research Group examines urban 
air pollution
• GTHA

• Peel / Hamilton have a greater focus

• Africa – Rwanda

• Brazil

• Coming to you live from Dundas



Overview

• Air Sensors

• Particulate Matter

• Air Monitors Overview

• Our Experience with PM Sensors 
in Hamilton

• Best Practices

• Recommendations



Air Monitor vs. Air Sensor

Air Monitor – Defined in North America by EPA 
Standards ($$$)

• Must meet specific performance guidelines

• Federal Reference Methods

• Federal Equivalent Methods 

Air Sensor – Low-cost device ($)

• No performance guidelines



Air 
Pollution 
Sensors

• Air sensors are low-cost

• Often portable devices

• Should be easily operated
• i.e. minimal technical training



Air Sensor Use: 
Education
• Using sensors in 

educational settings for 
science, technology, 
engineering, and math 
lessons.



Air Sensor Use: 
Information
/Awareness

Using sensors for informal 
air quality awareness



Air Sensor Use: 
Personal Monitoring

Monitoring the air quality that a 
single individual is exposed to while 
doing normal activities.



Air Sensor Use: Supplementing Monitoring 
Network

• Governmental monitoring is 
currently examining the 
ability to use lower cost 
sensors to supplement 
monitoring networks. 



Air Sensor Use: 
Source 
Identification 
and 
Characterization

Establishing possible emission 
sources by monitoring near the 
suspected source.



Particulate Matter

• Mixture of solid particles and liquid 
droplets found in the air

• Not a single chemical or pollutant

• May be directly emitted into the 
atmosphere

• Forms by chemical reactions from 
combinations of other pollutants

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics



PM2.5 Federal 
Reference Method

• 24-hour samples

• Air is drawn at a constant rate into a 
specially shaped inlet and through a 
particle size separator 

• Particles <2.5 microns are collected on a 
PTFE (Teflon) filter.



Particle Separation

Aerosol Impaction VSCC (Very Sharp Cut Cyclone)

https://aqicn.org/air/view/products/specs/Particulate-Matter-Sampling.pdf



Gravimetric Analysis 
(PM2.5 FRM)

• Filters are conditioned to a constant temperature 
and RH.

• Prior to sampling filters are weighed

• Post sampling filters are reweighed and the 
difference in mass is used along with the volume 
of air to determine concentration



PM2.5 FEM
Real-time monitors 

• Beta Attenuation Mass Monitor

• Particles are collected on a filter 
and particle mass is determined by 
change in beta radiation absorption

• Tapered element oscillating 
microbalances (TEOM)

• Filter is oscillating by two magnets, 
increased mass changes oscillation 
rate.

• Light scattering continuous ambient 
particulate monitor

• Particles flowing past a light cause 
scattering. The scattered light pulse 
is related to particle size.



Measurement 
Units

• Micrograms per cubic 
meter of air

• µg/m3

• Perspective

• Dime is 1750 µg

• Grain of salt is 300 
µg 

• Eyelash is 40 µg 



PurpleAir Sensor

• Laser Particle Counters 

• Two in each unit

• Particles are classified into five size 
bins

• Particle mass is estimated

• Provides PM1, PM2.5 and 
PM10 concentration data

• Connects to Wi-Fi 



Performance When 
New

Collocation of the air sensors and an air 
monitor for 59 days.

Both used light scattering as the principle of 
operation.



Performance When New



Average of Purple 
Air Monitors

Reference
Monitor



Daily Averages

• Reference Monitor

• Range:  1.6 - 29 µg/m3

• Average (Mean): 10.2 µg/m3

• Average Error for PA Sensor

• +4.4 µg/m3



Installation

• Thanks to Environmental Hamilton!
• We were able to identify volunteers to host air sensors.

• Distributed 35: 26 Set-up
• Many disappeared 

• Compatibility issues 



How long do they last, month(s)?

Month



How long do they last, years?



Other?



What can we learn? – July 2019



Uncorrected PurpleAir Daily 
Averages 





Why do we need to adjust PA 
data?
• Hygroscopic Growth

Air pollution monitors heat the incoming sample to 
address this issue. PA monitors do not.



Local Pollutant 
Conditions

• Particulate Matter is a mix of materials

• PA Sensors rely on light scattering as particles 
pass through a laser beam to infer mass from size

• Materials can vary in density (mass by volume)

DOI: 10.1117/12.869629



Corrected PurpleAir Daily 
Averages





Initial Conclusions

• PA Sensors on their own will overestimate 
concentrations ~50-60%

• Corrected data provide little in terms of 
“new” information about spatial patterns 
of air pollution at a daily or monthly scale



Initial Conclusions

• Individual Monitors may systematically over or under predict concentrations

• An individual would not know without collocation

• Most likely over predict

• Short-term spikes in PA sensors may or may not be an artifact 

• Natural variations within an hour



Best Practices for Air Sensors

• Collocation of sensors with an Air Pollution Monitor
• Establish local correction factor or validate existing 

correction factor

• Prefer sensors that measure 2x

• Repeat Collocation often

• Locate sensors at Air Pollution Monitor for length of 
study

• Life-span expectation: 1 year.


