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INTRODUCTION 

Road dust is a mixture of particles deposited on the surface of paved roads, and susceptible to be re-

entrained into the atmosphere due to the vehicle-generated turbulence or wind. For unpaved roads, 

road dust is the road material itself.  

Road dust emissions in to air are known to increase considerably concentrations of atmospheric 

particulate (PM) pollutants in urban and industrial environments, causing exceedances of the air 

quality standards (2008/50/EC), and related health effects also due to the high content of heavy 

metals and organic compounds originated from the wear of brakes/tires and motor exhausts and 

embedded in the road dust reservoir.   

As motor exhaust emissions decline as a result of 

increasingly stringent limits, the relative importance of 

emissions from resuspension and wear (brakes, tires and 

road pavement) will grow. These emissions are known as 

non-exhaust sources. It has been estimated that by 2020 

about 90% of road traffic emissions will be from non-

exhaust sources (Rexeis and Hausberger, 2009). 

The AIRUSE project revealed that at five South European 

cities (Porto, Barcelona, Milan, Florence and Athens) non-

exhaust emissions increase PM10 and PM2.5 levels by 8-

11% (1.8-2.9 µg/m
3
) and 1-9% (0.2-2.6 µg/m

3
) respectively, 

on annual basis.  

There are a number of factors that are likely to affect road dust emissions.  These include driving 

speed, traffic volume and composition, road surface materials, as well as meteorological factors such 

as temperature, humidity, and rainfall and wind conditions. 

In Scandinavian countries for example, high road dust contributions to PM10 are due road sanding 

and the use of studded tires in winter-spring months. Central Europe experiences generally lower road 

dust contributions due to the wet climate and the ban of studded tires. In Southern Europe, the low 

and infrequent precipitations reduce the wash-out and the moistening of the road surface, favouring 

road dust emissions in ambient air. Moreover the small vegetal covering, urban works, and Saharan 

dust outbreaks increase road dust loadings and therefore emissions.  

Due to the difference in climatic and traffic conditions, 

proper measures to reduce road dust emissions may 

differ from one region to another. Measures can be 

either preventive or mitigating. Preventive strategies aim to 

avoid the build-up of particles on road surface in the first 

place, such as paving the access to unpaved lots, covering 

truck loads, or road traffic restrictions. Mitigating measures 

attempt instead of removing or binding those particles 

already deposited.  

This guide addresses information on proper measures to 

mitigate road dust emissions in Southern Europe, based on 

experience gathered from literature review and targeted field tests from the AIRUSE LIFE+ project. 

 

 

 

While vehicle exhaust emissions 

have decreased from 1990s, road 

dust emissions have not 

 

Preventive measures avoid build-

up of dust particles, mitigation 

measures reduce their mobility 
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Street sweeping  

The primary aim of road sweeping is to improve the aesthetic appearance of the urban environment by 

removing street debris, litter and dirt.  The frequency of sweeping varies significantly, with major roads 

and motorways being rarely swept. Historically, neither road sweepers nor their operational 

procedures were designed to reduce ambient PM10 concentrations. Nevertheless some studies have 

evaluated possible beneficial effects on air quality. There exist two main categories of studies aimed to 

that: the first group evaluates the individual emissions of different sweeping vehicles; the second 

group analyses the impact on air quality (PM concentrations in ambient air).  

There are three general types of road sweepers in use in Europe.  The technology has changed 

relatively little over the past few decades with the exception of the use of bag filters to control fugitive 

PM10 emissions from the dust collected, and diesel particulate filters to control exhaust emissions, 

which have recently been introduced to the market (Wiemann, 2013; Chow et al, 1990): 

 Mechanical sweepers are the traditional type of road sweepers, but today the only European 

manufacturer producing these sweepers is the Swedish company Brood.  These sweepers lift 

the material from the road onto a conveyer belt, and then discharge the material into a 

collection hopper. Circular gutter brooms direct the material into the path of the rotating 

broom.  In general, these sweepers are considered to be effective at removing large debris 

such as branches, leaves, litter, and large quantities of dirt, but can ‘blow’ more PM into the 

air than vacuum sweepers. 

 Vacuum sweepers typically use a gutter broom to loosen dirt and debris from the road and 

direct it to a vacuum nozzle which sucks it into a hopper. The hopper usually consists of a 

chamber into which the material is collected by gravitational settling. The air passing through 

this chamber can be emitted directly into 

the atmosphere, through a bag-filter or 

precipitator, or to the collection nozzle for 

recirculation.  Pure vacuum sweepers 

create a strong vacuum within the pickup 

head which draws air from outside the 

head, through a duct, and into the 

hopper. The air movement across the 

road surface removes particles from the 

pavement and entrains them in the air 

flow. The vacuumed air is exhausted to 

the outside environment after a short time 

in the hopper. However, the residence 

time can be insufficient to allow gravitational settling of PM10. Figure 1 illustrates a state of 

the art vacuum sweeper fitted with a filter in the roof and shows the air flow (VDI, 2012). 

 Regenerative-air vacuum sweepers direct all or some of the exhaust air back to one end of 

the pickup head at high speed or to a nozzle located immediately behind the pickup head. 

The blast of exhaust air is directed at an angle to the pavement to dislodge dirt. The blast air 

and the entrained material move across the pickup head to a suction nozzle which transports 

the debris to the collection hopper.  The non-recirculated portion of the exhaust air is vented 

into a separate settling chamber before it escapes to ambient air.  This type of road sweepers 

is not common in Europe and only MFH currently produce models using this method.  

There is evidence that the use of some road sweepers can increase local PM10 concentrations in the 

surroundings of the operational vehicle. Water sprays can be used with vacuum sweepers to reduce 

the resuspension of dust.  A comparison of the efficacy of different road sweepers suggests that 

different road sweepers may have three orders of magnitude different impact on PM10 emissions.  The 

Dulevo 5000 with its patented GORE filtration system was the best performer, estimated to emit less 

than 0.34 kg PM10 over 2000 hours of operation (Geddes, 2011). The Swedish DISAB Group has 

 

Figure 1.  Example of a vacuum sweeper 

(VDI, 2012). 
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recently launched the DISA-CLEAN 130.  After testing the DISA-CLEAN 130 around the City of 

Uppsala, Sweden, a reduction in PM10 was observed.  The DISA-CLEAN 130 uses a Roots vacuum 

pump, specially developed nozzles for road surfaces and a unique filter technology. Dust free 

performance is achieved due to its brushes being under vacuum throughout the whole sweeping and 

cleaning operation (DISAB Group, 2013). British firm Johnston Sweepers also claim to have 

developed a unique system which creates a cyclone effect within the hopper, for the most efficient 

filtering via mesh screens, of dust and debris particles prior to discharge to the atmosphere. This 

design is a standard feature of all Johnston V Range sweepers. This range was the first European-

manufactured sweeper to achieve full PM10 test compliance under the Californian regulations.  

There exist a number of PM10 certifications and tests for road sweepers (but no ISO standard) aimed 

at testing the performance of road sweepers in reducing road dust loading, minimizing the dust re-

entrainment and/or outlet emissions during operation. Details can be found at http://airuse.eu/wp-

content/uploads/2013/10/2014_03_AIRUSE-Deliverable-08-2-of-10-reports-adapted-mitigation-

measures-B8.pdf 

It should be noted that real-world operating can be very different from the test conditions and therefore 

there is a need for more systematic in-service testing to be undertaken with a range of different 

sweepers.   

To control the emission of PM10 from the air outlet of road sweepers a number of techniques have 

been employed including cyclones, bag filters and electrostatic precipitators.  

Total emissions of street sweepers include motor exhaust, outlet air and possible resuspension. Table 

1 shows the percentage reduction in emission by measuring PM1, PM2.5 and PM10 levels in a 

confined environment where different sweepers were operating in different times (VDI, 2012).  

 

Table 1. Results of the VDI Test (VDI, 2012 and Geddes, 2011). 

Sweeper 

manufacturer 

% Reduction in emissions from road surface compared to  

the reference machine   (Bucher Schörling AG sweeper)  

operated in dry mode  

PM1 PM2.5 PM10 

Kerb (60 cm) Road 
(180 
cm) 

Kerb (60 
cm) 

Road (180 
cm) 

Kerb (60 
cm) 

Road 
(180 
cm) 

Faun*  96 95 94 89 90 71 

Bekker  88 65 94 74 97 66 

Kroll * 98 87 98 92 95 91 

Dulevo*  101 100 101 98 100 96 

Brock (wet) 60 53 55 54 53 55 

Brock EP** 67 -158 67 -154 72 -179 

Bucher (wet) 53 62 58 29 62 -44 

Reference  mg/m
2
 32.9 11.0 110 35 397 127 

* Fitted with a bag filter; **EP = electrostatic precipitator. 

All tests were dry unless stated otherwise. 

 

http://airuse.eu/wp-content/uploads/2013/10/2014_03_AIRUSE-Deliverable-08-2-of-10-reports-adapted-mitigation-measures-B8.pdf
http://airuse.eu/wp-content/uploads/2013/10/2014_03_AIRUSE-Deliverable-08-2-of-10-reports-adapted-mitigation-measures-B8.pdf
http://airuse.eu/wp-content/uploads/2013/10/2014_03_AIRUSE-Deliverable-08-2-of-10-reports-adapted-mitigation-measures-B8.pdf
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The best sweeper of those tested on the VDI 

procedure was the Dulevo sweeper (Dulevo 5000 

Evolution, Figure 2). This sweeper is not a 

conventional vacuum sweeper and is described as 

a mechanical suction machine.  It uses a patented 

24 m
2 

moisture resistant Gore-Tex fabric filter to 

remove particulate matter from the air stream 

exiting the dust/dirt container. The filter includes a 

driver operated shaking device to release the 

particles trapped into the waste container, 

prolonging its use but avoiding the buildup of 

excessive pressure. The road dust/dirt is picked 

up using side brushes which convey the debris 

towards the centre of the machine, where a central cylindrical brush throws it at high speed onto a 

vertical conveyor system.  This loads the waste container from above. The dust raised by the central 

cylindrical brush is sucked into the waste container by the vacuum created by two fans.  Water can be 

sprinkled on the side brushes to control dust.  

 

Detecting a reduction of ambient air PM10 due to street sweeping has been a more difficult 

task. Factors that are likely to affect the possibility to detect a reduction in PM10 concentrations 

include: 

1. The road dust loading; 

2. Sweeper efficiency of removing PM10 from the road surface; 

3. The ability of the machine to retain the particles; 

4. Road surface; 

5. The portion and length of the road that is swept; 

6. The frequency of sweeping;  

7. Other sources of PM. 

 

For this reason air quality benefits should be evaluated with respect to control sites and/or control 

periods, where and/or when no cleaning activities are carried out.  The studies existing in literature 

show no evidence of sweeping immediate benefit on 

air quality. After sweeping procedures some of these 

studies registered an increase or no difference in PM10 

levels in US, Swedish, Norwegian and German studies 

(Fitz, 1998; Norman and Johansson, 2006; Chow et al., 

1990). In other studies, although all quite dated, a 

reduction of PM concentrations was observed (Hewitt, 

1981; Cuscino et al., 1983; Cowherd, 1982; Fitz and 

Bumiller, 1996; Kantamaneni et al., 1996; Amato et al., 

2010), but none of these studies conclusively demonstrated the effectiveness of sweeping on 

reducing suspended PM10 in the short term. This does not mean that street sweeping is not 

beneficial for air quality in the long term.    

 

 

 

 

There is no evidence of beneficial 

effect of street sweeping in the 

short term (hours, days). 

However, in the long term, a 

benefit on air quality cannot be 

discarded. 

 

Figure 2.  Schematic Illustration of the Dulevo 

5000 Evolution Road Sweeper (VDI, 2011) 
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Street washing  

 

The emission of road dust requires energy to overcome the gravitational and cohesive forces that bind 

dust particles to the surface. In general this comes from the wind or turbulence generated by moving 

vehicles.  The factors that affect emissions include surface friction, gravity, and cohesion of particles 

into agglomerations of larger particles.  Emissions can be reduced by increasing the strength of these 

parameters, for example by use of water, binding agents, or substances that maintain moisture 

content.  

Water washing can reduce the mobility of dust load 

deposited on street surfaces similarly to rain and is 

therefore a potential effective measure for mitigating dust 

resuspension. When water adheres to the deposited 

particles, it increases their mass and surface tension forces, 

decreasing the possibility of suspension and transport, 

especially as cohesion of wetted particles often persists 

after the water has evaporated due to the formation of 

aggregates. It is less likely that water flushing could carry 

particles below 10 microns into the sewage. Water flushing 

was found to reduce the road dust mobility by >90% in 

Spain and 60-80% in Germany depending on the particle 

size and methodology applied (Amato et al., 2009; Ang et 

al., 2005).  

Water flushing can be integrated in a street sweeper (Figure 3) or manually applied by means of 

hosepipes (Figure 4). Water flushing has been generally applied in combination with sweeping given 

that the water jet alone could hardly displace the dust till achieving the sewage system, unless a large 

water flow is used. Generally, mechanical or manual washers follow the sweeping vehicles.  

Phreatic and non-drinking water should be preferred for 

street washing purpose. The amount of water may vary 

according to street dirtiness (road dust loading). Although 

only in few studies it has been reported, it is recommended 

at least 1 L/m
2
. The recovery of road dust emission after 

street washing reaches on average 99% after 24 hours in 

Spain and 72 hours in the Netherlands (Amato et al., 2012, 

Figure 5), being the moistening effect of rain more 

important than actual particle removal (wash-off).  Water 

evaporation is the main process controlling the recovery of 

road dust emissions. Based on these results it can be 

concluded that road washing activities should be 

performed in the first morning hours (5-6 am), in order 

to abate maximally the morning peak of emissions (7-9 

am). 

Ideally, washing should be performed at any time road dust 

emissions increase significantly. This is closely related to 

the degree of road moisture. Frequency should therefore be optimized taking into account: 

 local resources; 

 rain forecast. Washing can be avoided during and 24 hours after rain; 

 episodic intrusion of dust (from Sahara or local sources). 

 

Figure 3: Example of vehicle 

equipped for water flushing 

 

Figure 4: Street washing with manual 

hosepipe 
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The effectiveness of washing has been demonstrated both 

on unpaved and paved roads. For paved roads, the higher 

the road dust loading, the higher the efficiency of street 

washing. Within an urban environment road dust emissions 

may vary widely. In Barcelona for example a large variation of road dust loadings were found from 2 to 

23 mg/m
2
, indicating that road characteristics (pavement, fleet composition, proximity to unpaved 

areas or construction areas) affects importantly local emissions. However, traffic volume is also crucial 

for the total emissions (per day for example). Therefore, if not all roads can be washed for lack of 

resources, a proper selection of roads should be performed in order to optimize the cost/benefit ratio. 

The efficacy of road washing depends highly on several factors such as: 

1. Climatic conditions; 

2. The road dust loading; 

3. Frequency of washing; 

4. Road surface; 

5. The portion and length of the road that is washed; 

6. Other sources of PM. 

Consequently, the effectiveness on air quality has not always provided positive results. In Berlin and 

Bremen no significant difference was found in PM10 levels after water flushing 3 times a week (Düring 

et al., 2004; 2005). The effect of washing, followed by road sweeping, on PM10 concentrations was 

also investigated in Milan by the Regional Environmental Agency for Lombardy (ARPA) in winter 2002 

on an area of 1 km
2
 in the city centre during ten days. The study concluded no substantial reductions 

in PM10 concentrations were obtained (ARPA, 2003). 

On the contrary, a PM10 reduction of about 

2 µg/m³ of the daily mean was found in 

Düsseldorf, where water flushing was performed 

twice a week in a busy road (John et al. 2006). 

In Stockholm, street washing was performed to 

the verge next to the carriageway of a highway 

and only in days with favorable weather 

conditions (Norman and Johansson, 2006). Only 

during 8 days (out of 21 days) PM10 reductions 

were observed. The mean decrease was 6% 

and limited to morning hours. Two out of twelve 

exceedances of 50 µg/m
3
 registered at the 

control station were not registered in the street 

washing site.  

Also in the Netherlands (Nijmegen) a beneficial 

effect was also found even if effectiveness may 

vary depending on local conditions such as road pavement, meteorology and solubility of particles 

(Keuken et al., 2010).   

In Madrid, Karanasiou et al., (2011) found that during a one-month campaign, the mass contribution 

from the road dust source was ~2 µg/m
3
 lower during the days that street washing was implemented 

with this corresponding to a reduction of 15% of road dust mass contribution during the days that the 

road surface was left untreated. After nightly street washing, the PM10 reduction was observed during 

the morning hours. In the same study no effect on ambient PM2.5 was found. 

In 2005, in the city of Hamilton (Canada) a relatively frequent combination of mechanical and vacuum 

sweeping with water flushing resulted in air quality improvements. The decrease of the downwind 

PM10 levels in the immediate vicinity of the road was estimated in 2-3 μg/m
3
, but it was not found 

significant in the wide areas. Moreover either vacuum or mechanical sweeping alone did not reduce 

Street washing is more effective 

if carried out at 5-6 am 

 

Figure 5: Schematic effect and duration of 

street washing on PM10 emissions 
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road dust contribution to PM10. In an industrial area, ambient PM concentrations have been reduced 

by introducing a comprehensive package of measures including road sweeping/washing.  Individual 

control programs for companies were developed to reduce track-out onto the public highway. This is a 

good example of the application of a package of measures which have been shown to be effective at 

reducing PM10 concentrations, albeit only over a short time period. The City also replaced its road 

sweepers with Tynco DST-6 regenerative air sweepers.  This was chosen because of its ability to 

control and remove of PM10 and PM2.5 by 90%. Street sweeping occurred at night, two or three times 

a week.  In addition, in response to poor air quality, the roads were swept and there was increased 

frequency of street flushing. Other measures implemented included tree planting and replacing gravel 

with hard surfaces (concrete and asphalt).  Overall the dust management plan resulted in significant 

reductions in PM10 concentrations.  The average short term PM10 concentration was 114 µg/m
3
 prior 

to the implemented measures dropped to 73 µg/m
3
 afterwards (DeLuca et al, 2012). 

The effect of pressurized washing on PM10 emissions from the street surface was tested within the 

KAPU project in Finland (Kupiainen et al 2011). Emission levels were found to be 15–60% lower after 

washing than before. The effect was found to be highest immediately after treatment, and to be 

dependent on the water pressure and volume of water used, and the orientation of the nozzles in the 

pressure washer.   

The KAPU project found that the efficacy of cleaning is not only dependent on the efficiency of the 

cleaning equipment but also on the frequency of cleaning and the amount of road dust. In early spring 

there is a significant amount of road dust due to the use of studded tyres and the application of 

traction sand in winter.  At this time of the year, following cleaning, PM10 emissions often  return to the 

pre-cleaning level or even above after one or two days. However later in spring, when road dust loads 

are lower, the effect of cleaning lasted longer, but  the “summertime clean” road surface could not be 

achieved with one single cleaning in early spring. The study also assessed the efficacy of using PIMU, 

described as a scrubber with captive hydrology, that latter being a British technology developed in the 

2000s to clean airport runways.  They concluded that street cleaning would only be effective where 

there are high street dust levels, and street dust is a dominant source of PM10.  

In the Barcelona city centre, the effect of a cleaning 

procedure consisting in manual washing after a vacuum 

assisted broom sweeping was tested. Such protocol was 

followed during eight nights within one month in spring 

2008. Averaging the daily mean concentration of PM10 on 

the 24 hours following each cleaning event and on the rest 

of dry days, a mean decrease of 3.7-4.9 µg/m
3
 (7-10% of 

kerbside concentrations) was found. 

Within the AIRUSE project street washing was also tested at two industrial roads (paved and 

unpaved). The interest in the industrial sites is related to the higher PM emissions due to high road 

dust loadings. The paved road was located within the ceramic industrial cluster of L’Alcora (Spain). 

This road is composed by two lanes (one per way), and along 300 m is continuously delimited on the 

sides by buildings of industrial plants. Road dust loadings are within 20-40 mg/m
2
 much above the 

general range in European cities 1-6 mg/m
2
. Given such high road dust loadings, street washing 

activities were intensive. From 07:00 to 12:30 am, the operators were first “digging out” dust from road 

shoulders; and secondly washed the road with a wet sweeper passed through all the carriage. A 27 

L/m
2
 phreatic water flow was used. PM10 concentrations results showed a mean decrease of 18.5% 

of PM10 concentrations during the day of the cleaning activities (Figure 6). However, this 

reduction was short lived, being reduced to only 2.2% during the day after cleaning. The main PM10 

decrease occurred from 7 to 11 am, which correspond to the 5 hours after the start of cleaning 

activities. Although short-lived, this decrease is sufficient to produce a PM10 reduction also in the daily 

average (18.5%).  

Street washing is efficient to 

reduce PM10 concentrations in 

the vicinity of roads, although the 

degree of such reduction depends 

on several factors. 
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The test on unpaved road was carried out within a quarry and concrete plant (Castellón, Spain), used 

exclusively for transportation of caved materials by dumpers (July 2014). Trucks frequency was on 

average 3 per hour. In order to control road dust emissions, the company performed a continuous 

watering of the road surface by means of a special-purpose irrigation truck. This truck was 

continuously watering the roads in its facilities, taking about 45 min to irrigate anew each part of the 

road. It could be readily observed that this strategy was quite effective in reducing the emissions. The 

experiments conducted within AIRUSE addressed the following questions: 

 How long does it take for the watering effect to vanish? 

 Can the watering effect be enhanced by the use of chemical dust suppressants? 

It is clear that the first question does not have a simple answer because it would greatly depend on the 

meteorological conditions (incoming solar radiation, ambient temperature and humidity, wind speed, 

etc). However, although the answer to the second question can be equally complex, it can be 

addressed by comparing both mitigation measures under similar meteorological conditions. 

Therefore, first, a known amount of water (see below) was applied on a selected stretch of the 

unpaved road. Then this stretch was not watered again according to the usual schedule, in order to 

identify the time it lasted for the road dust emissions to become significantly increased. This 

experiment was repeated two additional times in which watering was complemented with the 

application of a chemical dust suppressant by two different application modes (see next section). The 

selected stretch was about 125 m long and 9 m wide. Approximately 4000 L of water were applied to 

the selected stretch. Therefore, the watering load was about 3.5 L/m
2
. This amount of water was 

selected because it appeared large enough to obtain a homogeneous application throughout the 

stretch. It was approximately twice the load routinely applied by the company. 

The recorded PM10 concentrations with the various dust monitors since watering took place are 

depicted in Figure 7. These results suggest that watering effectively reduced PM emissions by 

>90% up to about 1 h. Nevertheless, as already mentioned, this period is likely to depend on 

numerous factors; in particular, those that influence water evaporation rate. 

DUST SUPPRESSANTS 

Chemical dust suppressants have been used on unpaved roads and in the minerals industry to 

suppress dust for a long time in some countries.  Since the 1990s they have also been used on paved 

roads in Norway, both in tunnels and on open roads. It has only been more recently that their 

effectiveness at reducing road dust emissions has been more widely investigated in a number of 

European cities, generally as part of a package of measures to meet the European daily PM10 limit 

value of 50 µg m
-3

 not to be exceeded more than 35 times in a calendar year (Directive 2008/50/EC).  

There is very little published peer reviewed literature on the effect on PM10 concentrations of applying 

dust suppressants to paved roads in urban environments. 

Figure 6. PM10 reduction due to street washing and CMA spraying at industrial paved road 
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Consideration needs to be given to the potential 

environmental effects of the dust suppressants 

themselves as well as their benefits in reducing 

ambient PM10 concentrations. These include 

damage to vegetation and human health, and 

contamination of soil and ground water. Other 

potential effects include reducing road friction and 

corrosion to highway infrastructure such as bridges 

and the road surface.  

Dust suppressants are sprayed onto the road surface, which binds the particles that come into contact 

with it and prevents them from becoming airborne when agitated by the wind, tyre action or vehicle 

turbulence. Dust suppressants also lower the freezing point of precipitation.  In studies performed in 

the Nordic countries, it has been noted that efficient dust suppression requires repeated application 

and treatment over large areas. In general, tests of their efficacy have been undertaken on relatively 

short stretches of road. 

Many different types of dust suppressants have been tested around the world, but in Europe the focus 

has been on two types:  

 Surfactants which reduce surface tension making the available moisture more effectively wet 

the particles and aggregates in the surface layer. 

 Salts which absorb water when relative humidity exceeds 50 % (i.e. hydroscopic compounds): 

o magnesium chloride (MgCl2); 

o calcium chloride (CaCl2); 

o calcium magnesium acetate (CMA);  

o potassium formate (referred to as KF in some publications). 

Both CMA and KF have been used for de-icing at airports because sodium chloride (NaCl) can 

corrode metal aircraft parts. Sugar has also been trialled as a dust suppressant in Scandinavia. CMA 

is commercially available and is marketed under the name ‘ICE & DUST AWAY’.  It consists of a 25 % 

by weight aqueous solution of CMA. It contains no additives. A mixture of CMA and potassium formate 

is also commercially available as ‘ICE & DUST AWAY PLUS 50’.  This contains 50 % CMA and 50 % 

potassium formate, and has a lower freezing point than ICE & DUST AWAY.  Potassium formate 

solution is available as Kemdust F. 

CMA application on paved roads was recently tested in Sweden (Norman and Johansson, 2006), 

Austria (www.life-cma.at), Germany
 
(Reiter, 2010) and UK 

(Barratt et al., 2012). Other studies (though not in English) 

are available in Sweden, Finland and Norway (Gustafsson 

et al., 2010 and 2013). Encouraging results were obtained 

in Sweden and Austria (PM10 decrease up to -35% on daily 

mean concentrations), where road dust emissions 

represent a major contributor to PM10 levels, whilst studies 

in Germany and UK could not detect a significant PM10 

decrease in typical urban roads. When a PM10 decrease 

was found, this was short lived (few hours), suggesting that 

the effectiveness of CMA in binding deposited particles is 

closely related to the degree of road moisture. This is a crucial aspect, mostly when evaluating the 

potential effectiveness in South European environments, where the higher solar radiation dries rapidly 

the road surface which in turn might reduce the life time of the air quality benefit.   

CMA and MgCl2 applications at a typical urban road in Barcelona (Spain) was performed by means of 

a Springer SD210 spreader vehicle (connected to a tractor with electrical and pressure system) at a 

rate of 15-20 g/m
2
. The spreader covers a 2.7 m wide area and it adjusts the flow according to the 

The most common dust suppressants are 

also used as de-icers: 

 MgCl2 

 CaCl2 

 CMA 

 KF 

Dust suppressants are efficient 

under specific conditions: 

1. High dust loading 

(studded tires, road 

sanding) 

2. Low solar radiation 

3. High humidity 
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speed of the tractor in order to assure an even and constant application on the road surface. 

Intersections and pedestrian crossings were not sprayed to avoid slippery conditions. The amount of 

CMA solution on road was monitored hourly at five spots (each repeated three times across the left 

lane), from 1 hour up to 7 hours after its application by means of a conductivity sensor (SOBO, 

Boschung) which was previously calibrated for the CMA solution.  

The calendar for CMA and MgCl2 application was based on weather forecast (no rain, temperatures 

above 0ºC). Given that the air quality benefit is expected to be short lived, CMA and MgCl2 solutions 

were spread between 5 and 9 am local time, in order to maximize its effectiveness during the most-

polluted hours due to traffic emissions (7-9 am). The duration of spreading was approximately 1 hour.  

For traffic safety a number of measures were taken: 

speed limit signals from 50 to 30 km/h, road signals 

warned drivers of possible slippery conditions, friction 

tests were performed before and after the CMA 

application following the UNE-EN 13036-4:2012 protocol.  

No clear air quality benefit could be ascribed to CMA or 

to MgCl2 application in the city of Barcelona. However, 

episodic reductions of PM and/or brake wear tracers 

were observed after CMA applications but they were not 

statistically significant or systematic over different 

stations and spreading days. MgCl2 coincided with lower 

PM10 concentrations at one test site, but its effect was 

not confirmed by a sufficient decrease of mineral and 

brake-related species. These results are likely due to the 

higher solar radiation (and consequent faster moisture 

decrease for evaporation) of Mediterranean climate in 

contrast with Sweden, Austria, Norway (for MgCl2) and industrial sites in UK. Bohner et al. (2011) who 

stated that a prerequisite for this is that the air humidity is at least 35 % RH. In addition it is noteworthy 

that where those studies that found a reduction induced by CMA or MgCl2 were characterized by very 

high road dust loads (studded tires, road sanding, and industrial dust) which increases the local 

emissions at the test road. 

The discrepancy found with respect to Scandinavian and Alpine regions suggests that effectiveness of 

dust suppressants can be strongly influenced by local features such as the road dust emission 

strength (dustiness of the road, type of pavement etc.), the share between “treated” and “untreated” 

road dust emissions having impact on the receptor point. Solar radiation and road moisture are also 

believed to play a key role in determining the effectiveness of dust suppressants. For this reason it is 

crucial to comprehensively evaluate the effectiveness also in more severe scenarios in the 

Mediterranean region, such as industrial sites, where road dust loadings are comparable to those in 

countries where studded tires and road sanding are involved.  

In order to discriminate whether road dust loading is a 

critical parameter to determine the effectiveness of CMA 

in the Mediterranean region two additional industrial 

roads (paved and unpaved) were studied. At the paved 

industrial road the high road dust loadings (40 mg/m
2
 for 

particles below 10 µm) allowed testing the effectiveness of CMA under high polluted scenarios, where 

the PM10 is dominated by local road dust. Spraying was performed by means of a 12 l/min pulverizer 

at 7 am and operators lasted 1 hour to spray 60 g/m
2
 CMA on the whole 250 m long road stretch. 

When comparing the normalized PM10 concentrations (test road/background) results show a mean 

daily decrease of 8.3% of PM10 concentrations in the days with CMA spraying, being the 

decrease of concentrations mostly at morning hours (7-12 am). Therefore, CMA efficacy resulted 

lower than street washing (water only), which was estimated in 18.5%. The same evaluation was 

At high dosage, CMA solution may 

reduce friction between road 

pavement and tires. Specific safety 

measures are needed. 

 

In Southern Europe, the efficiency 

of water flushing is always higher 

than that of dust suppressants  
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repeated for the mineral dust concentrations, showing a mean reduction of 24.2% during CMA days, 

which again correspond to lower efficacy than street washing (36%). 

At the unpaved road the first experiment consisted of integrating the CMA application into the current 

control system used by the company, i.e. watering with a tanker truck. To this end, the surface was 

first moistened with the tucker truck (about 4000 L of water), and then 120 kg of CMA were sprayed 

onto the road surface (100 g/m
2
) with a pulverizer. 

This experiment started earlier in the morning, and solar radiation, ground temperature, and wind 

speed were lower than in the other experiments (Figure 7). In spite of this, PM emissions became 

increased earlier and the measured concentrations were higher. This outcome was attributed to the 

lower amount of applied water. The CMA spraying did not exhibit any apparent benefit. 

Finally, as a picture worths a thousand words, a video showing simultaneously all three experiments 

was prepared. It can be downloaded from http://airuse.eu/en/project/objectives/work-packages/b-

implementation-actions/b-7-testing-of-air-mitigation-measures-development-of-air-mitigation-

strategies/cma-campaign-at-industrial-site-lalcora-castellon/.  

 

Figure 7. PM10 concentration time series (µg/m
3
) and snapshots of different events during the 

watering (left panel), and CMA (right panel) experiments at the unpaved road. 

 

http://airuse.eu/en/project/objectives/work-packages/b-implementation-actions/b-7-testing-of-air-mitigation-measures-development-of-air-mitigation-strategies/cma-campaign-at-industrial-site-lalcora-castellon/
http://airuse.eu/en/project/objectives/work-packages/b-implementation-actions/b-7-testing-of-air-mitigation-measures-development-of-air-mitigation-strategies/cma-campaign-at-industrial-site-lalcora-castellon/
http://airuse.eu/en/project/objectives/work-packages/b-implementation-actions/b-7-testing-of-air-mitigation-measures-development-of-air-mitigation-strategies/cma-campaign-at-industrial-site-lalcora-castellon/
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CONCLUSIONS 

The road sweeping studies have generally shown no effect in the short term when the 

uncertainties of the measurements are taken into account. This does not mean that sweeping is not 

beneficial in the long term, which is likely since it removes dirt from road surface. There is some 

evidence that vacuum road sweepers can increase PM10 emissions. To overcome this some 

manufacturers are using filter bags to reduce the PM10 emissions from the air outlet of the sweepers.  

A preliminary trial of a prototype road sweeper suggests that new technologies are being developed 

that might have improved ability to remove PM10 from road surfaces and reduce ambient 

concentrations.   A PM10 certification system for road sweepers is operated by an European trade 

organisation but does not appear to be able to differentiate the best sweepers from those that perform 

less well.  A German test procedure appears to be better at differentiating between sweepers.  

Further real world tests of a range of sweepers, as well as tests over a large area are required to 

increase understanding of the effects of street sweeping on PM10 emissions, ambient concentrations 

and whether it can play a role in reducing exceedances of the daily PM10 limit value.  

The evidence on the effect of road 

washing is more positive with 

most studies showing a 

reduction in ambient PM10 

concentrations.  This may be due 

to the water reducing the release 

of PM10 into the air rather than 

removing dust from the road 

surface. 

Most of the evidence of a benefit of 

street washing comes from areas 

where road dust loadings are 

particularly high due to drier 

climate (e.g. Spain) the use of 

winter tyres/tracking sanding (e.g. 

Finland) or near industrial sources 

and major construction sites.  

A number of North and Central 

European cities have tested the 

effectiveness of applying dust 

suppressants to road surfaces to 

reduce ambient PM10 concentrations. It is noteworthy that all studies were conducted in regions with 

relatively wet climates (Sweden, Norway, Finland, Netherlands, UK, Germany, Austria and North Italy). 

Before March 2014, no studies were available for the Mediterranean region.  

In North and Central Europe, where there were high dust loads, the application of dust suppressants 

has been shown to be effective at reducing the daily average PM10 concentrations and the number of 

days when it exceeds 50 µg m
-3

, and in these locations may have a role to play in achieving the EU 

limit value (which allows 35 days above 50 µg m
-3

per year). 

Based on the literature review it can be concluded that, in Northern and Central Europe, dust 

suppressants are effective only where the road dust load is high and the road dust contributes a 

significant proportion of the daily average PM10 concentrations, such as in the countries where the use 
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of studded types and de-icing agents give rise to high PM10 concentrations when the snow melts in the 

spring. In these regions, the use of dust suppressants on unpaved roads is more effective than on 

paved roads in terms of the PM10 emission reduction potential. For the best results dust suppressant 

application needs to be applied over a wide area.  

For Southern Europe, where solar radiation is higher and no studded tires/road sanding are used, 

the AIRUSE project demonstrated that street washing was a more effective measure than dust 

suppressants for all types of roads (urban paved, industrial paved, industrial unpaved). 
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