
Clean Roads to Clean Air Program

The City of Torontoôs Clean Roads to Clean Air Program was established as a 

concept in 2003 and realized in 2007 and 2008 by replacing the full fleet with 

environmentally and operationally efficient street sweepers.  The CRCA Program 

meets the Cityôs mandate to manage itôs operations in a sustainable and efficient 

manner and to consider the impacts to the environment and human health.  The 

Program achieved this by establishing environmental and operational criteria and 

testing protocols.  Also, the procurement of sweepers is innovative in that it 

includes the evaluation of environmental and operational performance using a third 

party verification process.
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Torontoôs RealityTorontoôs Past

Prior to procuring the PM efficient street 

sweepers this was typical experience in the 

City of Toronto.  

Large accumulation of street debris and 

fugitive road dust and environmentally 

inefficient street sweepers created poor air 

quality conditions.



Health Evidenced, Environmental 

Requirements
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Environmental Health Requirements

A range of toxic metals that are of human health concern 
accumulate and can be found in road dust, such as 
cadmium, lead and arsenic. 

A primary source of metal-enriched road dust is traffic. 

Metals are released from non-exhaust, traffic-related 
sources as a result of the wear and tear of roadway 
surfaces and automotive parts and components such as 
brake linings, catalytic convertors and tires. 

The road dust has been identified as a contributor of 
metal contamination to air, water and soil. 
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Purpose

ÅObtain visual records and air contamination levels of 
various street sweepers technology under a 
number of real operational conditions and to 
evaluate street sweeping activity;

ÅLIDAR (Light Detection and Ranging) images in the 
next few slides showing PM concentrations:

ÅPre sweeping car passing;

ÅMechanical street sweeper sweeping; and

ÅPost sweeping car passing 

ÅPM10 and PM2.5 levels in Toronto routinely exceed
the acceptable Provincial AAQC and CWS values

Sweepers Adding to Air Quality
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Pre Sweeping Car Passing
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Mechanical Sweeper Sweeping
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Mechanical Sweeper Sweeping
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Mechanical Sweeper Sweeping
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Post Sweeping Car Passing



Where is Particulate MatterDuring Sweeping & Passing Vehicles
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Where is Particulate MatterWhere is Particulate Matter Found

Clean Roads to Clean Air Program

PM10 Distribution

Å PM10 is lifted by moving/passing vehicles;

ÅUrban canyons & streets ñtrapò movement;

Å PM10 is more concentrated along major 

streets; and

Å PM10 is less concentrated in residential 

neighborhoods



Å Assessing the effectiveness of street sweeping as a source 

control measure for stormwater included in the Wet Weather Flow 

Master Plan;

Å Collaborated with Environment Canada and number of City 

divisions the project evaluated the quantity of sediment and 

dissolved metals in stormwater runoff;

Å Pollution was tested at a site in Toronto, using three types of 

sweepers employed by the City;

Å Test results between swept and unswept scenarios were 

assessed by comparing: (a) conventional sediment quality 

parameters, total residue mass, and particle sizes for dry 

sediment samples, and (b) toxicity, conventional water quality 

parameters, and particle sizes in wet samples.

Stormwater Quality Study
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Stormwater Quality Evaluation
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Study Results

Á Regenerative-air street sweepers provide the greatest 

environmental benefits by reducing the total mass of road 

deposited sediment and dissolved metals in runoff;

Á The following measures must be considered for street 

sweeping to be effective source control:

Á Sweep prior to rainfall and often as practical;

Á Areas with high level of pollution (such as arterial roads and industrial 

areas) should receive more frequent sweeping;

Á Sweepers must be cleaned and maintained properly; and

Á Operators must be trained to achieve the best performance

Á See full report at 

https://www.cawq.ca/journal/temp/article/410.pdf

Stormwater Quality Study
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https://www.cawq.ca/journal/temp/article/410.pdf


Human Health Concerns
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Human Health Concerns

ÁBoth PM10 and PM2.5 are significant health concerns 
and a year round health hazard especially at         
ñnose-levelòon Cityôs arterial roads

Á1,200 premature deaths attributable to chronic 
exposure to PM2.5

Á180 premature deaths attributable to acute exposure
to PM10

ÁFine particulates cause respiratory and 
cardiovascular problems

Clean Roads to Clean Air Program



Where is Particulate MatterHuman Health Concerns

Clean Roads to Clean Air Program

What is Particulate Matter

The major source of PM10 in Toronto is an 
invisible fraction of ñFine Road Dustò

ñFine Road Dustò comes from tire wear, 
asphalt wear, clutch and brake wear

Inhalable particulate matter (IP or PM10)

Respirable particulate matter (RP or PM2.5)



Where is Particulate Matter

10µm 2.5µm

Human Health Concerns
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Street Monitoring of Fine Road Dust

ÅIn 2005 and 2006 a number of street monitoring studies 

were undertaken.  

ÅReal-time PM10 and PM2.5 measurements were 

obtained in Toronto to determine the street level 

concentrations to which motorists, cyclists and 

pedestrians are exposed.  

ÅGraphs show the PM10 motorist, cyclist and pedestrian 

exposure levels, an acceptable level of 50ug/m3.

ÅGraphs show the PM2.5 motorist, cyclist and pedestrian 

exposure levels, an acceptable level of 30ug/m3.

Human Health Concerns
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Street Monitoring of Fine Road Dust

Figure 6m

Dec. 4 Test 1: PM 10 Motorist Exposure (Entire Circuit)
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Street Monitoring of Fine Road Dust

Figure 6n

Dec. 4 Test 1: PM 2.5 Motorist Exposure (Entire Circuit)
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Figure 7o

Dec. 4 Test 2: PM 10 Cyclist Exposure (Entire Circuit)
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Figure 7p

Dec. 4 Test 2: PM 2.5 Cyclist Exposure (Entire Circuit)
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Figure 9i

Nov. 26 Test 2: PM 10 Pedestrian Exposure (Entire Circuit)
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Clean Roads to Clean Air Program

Figure 9j

Nov. 26 Test 2: PM 2.5 Pedestrian Exposure (Entire Circuit)
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Human Health Concerns

Street Monitoring of Fine Road Dust Results

The findings show that Toronto has an air quality 
problem related to Fine Road Dust (PM10 & PM2.5);

ÅDaytime Street Levels of PM exceed Ambient Air 
Quality Criteria all Day;

ÅProblem varies due to a number of factors:

ǐSweeping Frequency ǐLand Use

ǐTraffic Volumes ǐTime of Day

ǐType of Vehicular Traffic ǐWeather;

ÅThis confirms the need to assess the potential of 
ñNew Technologyò Street Sweepers in reducing the 
concentration below Ambient Air Quality Criteria  levels;

st
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Human Health Concerns

Metals in Urban Road Dust

Transportation Services participated in a Health Canada and 

University of Toronto led study called Distribution and 

Bioaccessibility of CMP Priority Metals in Road Dust.  

The focus of this study 

(1)assessing the bioaccessibility of metals in fine fractions of 

road dust using biologically-relevant methods to more 

accurately represent conditions in the human lung, and 

(2)to isolate fine and ultrafine particulate size fractions from 

road dust that are likely to be inhaled or respired by 

exposed individuals and travel longer distances, 

contributing to widespread urban pollution in both outdoor 

and indoor environments. 
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