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1. Preface 
The Nordic Road Association (Nordisk Vejforum, NVF) facilitates cooperation within the road sector, 

both public and private, and has members from Sweden, Denmark, Finland, Iceland, Faroe Islands, 

and Norway. NVF appointed a working group for air quality in 2021 with the aim of collecting and 

sharing knowledge about local air quality.  

This work was performed by the air quality working group under Nordisk Vejforum (NVF) in 2022 - 

2024. NVF wants to contribute to the dissemination of the knowledge developed in the various 

countries to reduce local air pollution. Therefore, this working group was established to collect 

relevant reports and other documents that sums up relevant knowledge about local air quality, with 

focus on cities in Nordic countries. Most of the members of the working group were from Iceland, 

Norway, and Sweden. Therefore, this report is biased with less references from Finland, Denmark, 

nor Faroe Islands. The working group released two reports: This report will handle pollution from 

road wear, the other report handles traffic solutions1.  

This report is written by: 

• Karl Idar Gjerstad, Statens vegvesen, Norway  

• Mats Gustafsson, VTI, Sweden 

• Páll Valdimar Kolka Jónsson, Vegagerðin, Iceland 

• Joacim Lundberg, Lunds Universitet, Sweden 

• Gunhild Lutnæs, Statens vegvesen, Norway 

• Brynhild Snilsberg, Statens vegvesen, Norway  

  

 
1 Transport solutions to improve local air quality (nvfnorden.org) 

https://nvfnorden.org/wp-content/uploads/2023/12/NVF-air-quality-Transport-solutions-desember-2023.pdf
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2. Summary 
This report addresses the significant impact of road traffic on local air pollution, particularly in 

densely populated areas, attributing it to mechanical wear of road surfaces, notably from studded 

tyres prevalent in Nordic countries during winter.  

Short-term mitigation measures on roads, such as road cleaning and dust binding, are highlighted as 

effective methods to reduce airborne particulate matter. Road cleaning involves the removal of dust 

from road surfaces and adjacent areas using various equipment and methods. Timing and planning of 

road cleaning operations are crucial. 

Dust binding operations aim to bind road dust to the surface before it becomes airborne, using 

chemicals. Various factors are affecting the effectiveness of dust binding operations, like street 

surface conditions, the dust load, weather conditions, type and concentration of chemical solution, 

and application method. Although dust binding is effective, it also poses environmental challenges.  A 

review of different environmental and corrosion effects and price of different dust binding chemicals 

are given. Methods for managing unpaved roads are summarized. 

Other short-term actions discussed include reduced speed limits, traction sanding, even/odd 

numbered license plate restrictions, and temporary bans on studded tyres.  

The report discusses strategies to address non-exhaust particles generated by road traffic, focusing 

on factors influencing the production of these particles. Key factors affecting pavement wear include 

traffic volume, types of tyres (studded vs. non-studded), pavement material, driving speed, climate, 

winter maintenance practices, road design, and driving patterns. 

Regulations of studded tyre vary among countries, with Sweden and Norway experiencing higher 

studded tyre usage in northern regions, an especially less studded tyres in the cities. Regulations in 

Norway and Sweden restrict studded tyre usage to certain periods, aiming to balance traffic safety, 

pavement wear, and air quality concerns. 

Microplastics from road traffic, primarily from tyre wear, are a significant concern. Tyre wear 

particles mix with road dust, contributing to microplastic pollution. Research in Norway focuses on 

developing methodologies to analyse tyre wear particles and studying their accumulation in roadside 

environments. 

Furthermore, the report discusses how these efforts align with the UN's Global Sustainable Goals, 

emphasizing the broader environmental and public health implications of addressing air pollution 

from road traffic.  
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3. Introduction  
Road traffic is one of the largest sources of local air pollution in densely populated areas. This is due 

to both exhaust emissions and mechanical wear of road surfaces, particularly from studded tyres 

which are used in the majority of the Nordic countries during wintertime. High concentrations of 

nitrogen dioxide (NO2) and particulate matter (PM10 and PM2,5) can cause damage to health and, in 

worst case, increased prevalence of premature death. Local air pollution limit values are regularly 

exceeded in several Nordic cities. In order to limit emissions and health impacts from air pollution, it 

is necessary to incorporate air pollution into the planning of areas and transport, to study and 

implement mitigation measures, forecast and monitor air quality in the major cities as well as carry 

out research and development. 

The focus in this report has been on non-exhaust particles from road traffic, and is divided into two 

main topics: 

- Short time mitigation on roads including road cleaning, dust binding with chemicals and 

other short time actions like reduced speed limits, use of traction sanding, even/odd licence 

plates, and temporary ban of studded tyres. 

- Strategy on non-exhaust particles with focus on pavement wear, pavement impact on road 

dust storage and suspension, and wear of brakes. 

In the end the working group discusses how this work relates to the UN’s Global sustainable goals. 
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4. Short term mitigation on roads  
This report aims to present the most relevant findings from reports and other documents about local 

air quality, delimited to PM from road wear and other mechanic wear. Especially two recent reports 

stand out as most useful when it comes to short term mitigation: 

1) Renhold og støvdemping av veg, gate og tunnel (Cleaning and Dust-Binding of Roads, Streets 

and Tunnels).2  

2) Compilation of best practices. Report from work package 1 in project NorDust23. 

Both these two reports have collected knowledge from various sources and presented it in a larger 

overview. The report Cleaning and Dust-Binding of Roads, Streets and Tunnels covers a broader 

scope than this report, and the full report with attachments is about 180 pages. The other report, 

Compilation of best practices, is shorter and has listed a number of useful reports about this theme. 

Much of the content in chapter “4. Short term mitigations on roads” is collected from these two 

reports but is not discussed as deep as in the two original reports mentioned. 

 

4.1 Road cleaning 
Road cleaning aims to remove dust from the road surface and adjacent areas. This is to avoid 

particular matter on the road to becoming airborne, and to remove larger particles that might be 

crushed into smaller particles that might be airborne later. Road cleaning also have an aesthetic 

purpose, and in addition, removal of salt will limit corrosion on vehicles. Street cleaning is most 

important as a long-term mitigation rather than as a day-to-day mitigation3.  

 

4.1.1 Equipment and methods 
To have successful and efficient road cleaning it is necessary to use the equipment that is best suited. 

Most machines have best effect on horizontal and even surfaces, whereas it is more difficult to 

remove dust from cracks or rutting in the asphalt or from the curbs or side of the road. To simplify, 

there are four main technics and groups of machines/equipment for road cleaning as described and 

illustrated in the report by ViaNova, 20234: 

1. Simple sweeping and flushing equipment mounted on other vehicles.  

This equipment is not very effective against PM10 but might be useful to remove coarser 

sand and gravel from roads and pavements. It is very flexible and might be used in many 

cases. Some equipment only sweeps the material out of the road, other equipment also 

takes up the material and remove it from the road. 

2. Sweeping, flushing, and/or vacuum machines. 

These machines are also very flexible as they are small and often have four-wheel steering. 

There are also larger machines in this category, with less flexibility but larger capacity. They 

are also more efficient as it is designed to take up and remove the material from the road, 

and not only sweeping it out of the roadside. 

3. Advanced cleaning machines with high-pressure flushing and wide vacuum removal 

combined with brooms for various purposes. 

There are different kinds of machines in this category, and they can be effective against 

 
2 Renhold og støvdemping av veg, gate og tunnel 
3 NORDUST II – Nordic Road Dust Project Phase II, NordFoU Report 2024 
4 Renhold og støvdemping av veg, gate og tunnel 

https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
https://www.nordfou.org/sektion/nordic-road-dust-research-project-2#2
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
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PM10. These machines are in different sizes. Most of them have a combination of sweeping, 

and wet removal of material from the road surface. The driving speed of the vehicles are 

essential and must be specific for each kind of machine. If the cleaning process is performed 

dry, the machines must have filtration of the emitted air from the process to prevent 

emitting PM10 into the surroundings. 

4. High power dry vacuum machines combined with brooms, but without water/flushing. 

This technique might be used at all seasons as it doesn’t depend on temperature or moist on 

the road surface. Therefore, this is the best equipment for effective cleaning when the 

temperatures are below zero and in dry road conditions. The cleaning area is not broader 

than the width of the machine. Since the cleaning process is dry, the machines must have 

filtration of the emitted air from the process to prevent emitting PM10 to the surroundings. 

 

4.1.2 Planning of road cleaning 
There are several considerations that need to be taken into account to perform successful and 

efficient road cleaning. In different cities/towns there are different considerations that is important. 

Some issues to consider when planning road cleaning are: 

• Expected amounts and location of road dust 

• Restriction on the road network  

• Time of execution 

• Resource planning 

• Access to water 

• Access to landfill for collected masses 

• Sampling and analysis of washing water, masses, and sludge 

• Is it possible to reuse any gravel/sanding material 

• Safety, health and working environment 

• Work notification 

• Coordinating between contracts and road owners 

• Costs 

 

4.1.3 Timing of road cleaning 
The report from NorDust2 project, Compilation of best practices, list up some important points for 

the timing of road cleaning. Some main points are: 

• Efforts should be made to decrease the upbuilding of dust deposits during wet periods and 

seasons. 

• During the winter, deposited snow should actively be removed from the street environment. 

• Road cleaning in the spring should start as soon as it is doable to prepare for the high peak. 

• Early cleaning in spring prevents the formation of finer dust that is formed by grinding of 

sand under tyres of passing vehicles.  

• Dry brushing and dry vacuum cleaning could compensate if the street washing must be 

delayed due to sub-zero temperatures.  

• Dust binding can be used to prevent the suspension of dust before the weather conditions 

improve. However, when the road surface is moist or wet it is more difficult to remove the 

finest particles unless high-pressure flushing is used.  

• Street washing may need to be repeated. 
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• Often, this work will be performed during night-time while there is less traffic on the road. If 

done during daytime, this will cause unacceptable congestion in many cities. 

 

4.1.4 Storage of dust load on the road 
It is important to know where to focus the road cleaning, as the dust load is not evenly distributed 

across the road surface. Figure 1 from the NorDust5 project shows how road dust is distributed in 

general. There is very little road dust in the wheel tracks, but more between the wheel tracks, and 

even more between the lanes, and most close to the curb.  

 

Figure 1: Dust samples across the road shows where the dust is stored. In wheel tracks there are little road dust. Photo: 
Mats Gustafsson, VTI (NorDust1-project5).  

 

4.1.5 Implementation of cleaning roads 
There is a difference between road cleaning during the winter season, for long term prevention of air 

pollution, and road cleaning after the winter season, for removing remaining gravel and focus on the 

spring peaks that will occur when the snow melts. 

Road cleaning during the winter season: 

• The road surfaces should occasionally be swept, dust load and sand should be removed, and 

the road should be flushed. 

• This routine should be possible to conduct in temperatures below zero, preferably down to 

--10 oC. Hence, one needs to use equipment that operate in these temperatures. 

• If temperatures are too low, it should be considered if any dry techniques are best choice, 

see chapter 4.1.1. 

• The mitigation should be used when the conditions (whether, traffic) allow this. It could 

alternatively be done regularly, for instance every 14th day. 

• The cleaning process should focus on the area where there are most dust load, chapter 4.1.4. 

• One should take into account what is a suitable driving speed for the machines, slow enough 

to have effect, but, if possible, some speed to be able to cover more streets. 

 
5 Final report, NorDust (2019) 

https://api.vejdirektoratet.dk/sites/default/files/2022-08/NorDust%20Final%20report.pdf
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• Since this mitigation mostly has a long-term effect, it should be carried out regularly during 

the winter season. 

Road cleaning after winter season to remove remaining gravel and road dust: 

• Seasonal road cleaning is predictable and should be a planned procedure.  

• This work should be notified to the public. 

• Gravel should first be removed from the surface. 

• When the larges load of remaining gravel is removed, the roads should be cleaned with more 

advanced equipment. After winter season the temperature is usually above zero so there is 

no problem using water for this purpose. Flushing should be a part of this procedure. 

• It is also important to have equipment that takes up even the PM10-fraction of road dust. 

This could be ensured by using machines that is certified for removing the PM10-fraction. 

• It is important to also remove road dust and remaining gravel from surrounding areas to the 

road as well, up to a few meters if possible. 

• It is also better to do road cleaning on a broader area rather than cleaning single streets. 

That could prevent sand and dust from the nearby streets to migrate into the streets that has 

been cleaned. 

 

4.2 Dust binding 
The purpose of dust binding operations is to bind the road dust to the surface before it is swirled up 

to the air, for removing it later using cleaning machines.  

In Nordic countries dust binding is most often used as an acute preventive measure when air 

pollution forecasts indicate great risk for exceedance of the regulation levels for PM10, caused by 

road dust. Dust binding is an effective way to control dust emission in acute dust episodes when 

cleaning operations are not sufficient or possible due to weather or temperature conditions, e.g., 

when cleaning with water is impossible because of temperatures below zero °C. 

In this chapter we will present best practices for road maintenance used to control road dust 

emissions through different dust binding operations by using chemicals. There are several factors 

affecting the effect of dust binding:  

- Application method  

- Street surface conditions 

- Timing of application 

- Type of chemical agent and solution concentration 

- Weather and climatic conditions 

The type of methods/measures must be adapted to all these factors to ensure maximal effects on 

dust levels and to prevent negative effects.  

However, there are also some negative effects from dust binding. Chloride salts (MgCl2 and CaCl2), 

which are commonly used, may cause environmental damage to surface waters, ground water, 

terrestrial plants, soils and fauna6. High doses and accumulating salt solutions may also cause 

slippery roads, and thus have an impact on traffic safety. Salt may also cause increased tear of 

 
6 Salt SMART. Miljøkonsekvenser ved salting av veger 

https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/191704
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asphalt because wet asphalt is torn 3-5 times as fast as dry asphalt7, and reduce risk of corrosion to 

infrastructure or vehicles, and increased costs for the entrepreneur8. 

 

4.2.1 Type of chemical solution 
The suitability for different chemicals is dependent on several factors:  

• Ability for dust binding – hygroscopic traits and effectiveness  

• Effect on friction  

• Sensitivity to meteorological conditions, as e.g. drying up or freezing 

• Environmental effects 

• Effect on material, corrosion on metals and decomposition on concrete 

• Price 

• Logistics, method for spreading 

The main groups of chemicals tested are: 

• Mineral salts: Magnesium chloride (MgCl2) and Calcium chloride (CaCl2) 

• Organic salts: Calcium magnesium acetate (CMA), Potassium formate (KaFo) and 

Natriumformiat (NaFo) 

• Glucose solutions 

The effectiveness of the salt is dependent on several factors: temperature in air and surface, 

humidity, type of salt, and concentration of salt.  

Different studies are carried out under different climatic conditions, different solution 

concentrations, and amounts. Therefore, it is hard to conclude about which chemical is most 

effective.  Statens vegvesens has published a report with a review of properties of different 

chemicals used in dust binding, illustrated through modelling and calculations9. 

Organic salts have been tested as a de-icing chemical in Norway, not for dust binding traits10. 

  

 
7 Brage - Statens vegvesen: Renholdsforsøk 2016: Strindheimtunnelen og Haakon VII gate i Trondheim Stordalstunnelen i 

Møre og Romsdal (unit.no) 
8 Renhold og støvdemping av veg, gate og tunnel 
9 Støvdempende kjemikalier Teoretisk vurdering av egenskaper og effekt 
10 NIBIO Brage: Miljøvennlig drift av sykkelveinettet i Oslo. Miljøeffekter av formiatbaserte avisningsmidler. Sluttrapport 

2018-2019. (unit.no) 

https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2670383
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2670383
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2990973
https://nibio.brage.unit.no/nibio-xmlui/handle/11250/2641754
https://nibio.brage.unit.no/nibio-xmlui/handle/11250/2641754
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Based on literature reviews the properties of the different chemicals related to environmental effects 

and corrosion can be summarized as followed:  

 

Table 1: Properties related to environmental effects and corrosion. 

  Summary Recommendation for use 

MgCl2 Negative effects om water and 
vegetation. Corrosion om metal and 
concrete, but still less corrosive than 
CaCl2 

In areas where environment and corrosion have low 
priority 

CaCl2 Negative effects om water and 
vegetation. High corrosion to metals 
and concrete, yet less aggressive to 
concrete than MgCl2 

In areas where environment and corrosion have low 
priority 

CMA – Calcium 
magnesium acetate 

Low environmental impact,  
low corrosion 

In areas where environment and corrosion have high 
priority 

KaFo- Kaliumformiat Low environmental impact,  
low corrosion 

In areas where environment have high priority.  
Tested as a de-icing agent 

NaFo - 
Natriumformiat 

Low environmental impact,  
low corrosion 

In areas where environment have high priority.  
Tested as a de-icing agent 

Glucose Low environmental impact 
low corrosion 

In areas where environment and corrosion have high 
priority 

  

Results from tests shows that magnesium chloride (MgCl2) is the most suitable chemical in 

temperatures between -16°C and +12°C. In this range MgCl2 can keep the surface wet at the lowest 

level of relative humidity. Calculations have shown that 1 gram MgCl2 can hold more water than 1 

gram CaCl2 11. 

In Norway it is mainly MgCl2 that is in use for dust binding, because it is seen to be the most effective 

for binding dust, and it sticks to the surface for the longest time. A drawback using MgCl2 is that it 

must be removed after some time because a saturated MgCl2 solution makes the surface slippery 

and sticky.  

In Sweden, Stockholm and some midsized municipalities use CMA, which is considered effective and 

more environmentally friendly than chloride salts, while the Transport administration uses MgCl2 and 

CaCl2. CaCl2 is also used by the city of Karlstad. 

In Finland, mainly CaCl2 is used for dust binding. 

Testing solutions with glucose indicates the glucose requires higher humidity than NaCl to keep the 

surface wet12. 

 

Solution, dose, and concentration 

The stronger concentration of a solution or larger dose, the longer dust-binding effect, but stronger 

concentration or larger dose is more expensive and makes the surface more slippery. Also because of 

 
11 Støvdempende kjemikalier Teoretisk vurdering av egenskaper og effekt 
12 Snilsberg, Brynhild, og Dagfin Gryteselv. 2017. Renholdsforsøk 2016: Strindheimtunnelen og Haakon VII gate i Trondheim 

Stordalstunnelen i Møre og Romsdal. Statens vegvesen. 

https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2990973
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2670383
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2670383
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the negative environmental effects, the amount of chemicals should be minimized as much as 

possible while still achieving the desired effect.  

In Norway, the most commonly used concentration for MgCl2 solutions is 20 percent but can vary 

between 15 percent (in Oslo and Trondheim) to 22 percent (Stavanger)12.  

In Finland, the recommended application rate of the dust suppressants in the reviewed studies is 

10 percent. A higher application rate was used for targeted dust binding in Finland (WP1). 

In Helsinki, Finland, 5 percent or 10 percent CaCl2 solution are used. By lowering solution 

concentration, the operation will not affect the friction and thus traffic safety accordingly. 

In Sweden, CMA is used in some cities (Stockholm, Linköping, Norrköping), commonly as 25% 

solution at the dose 10 g/m2.13 The Transport Administration uses MgCl2 on some major roads 

around Stockholm. The concentration used is 20% solution at the dose 10 g/m2. The city of Karlstad 

uses CaCl2 and adapts the concentration and dose to remaining chloride on the streets. Since they 

use spraying, which works better at higher pressures, higher dose with lower concentration is 

preferred. If there are no remaining chlorides on the street maximum concentration and dose is 20% 

solution and 40 g/m2 (Tomas Stomberg, personal communication). 

 

4.2.2 Different Methods for dust binding 
The choice of application method will depend on the street surface conditions at the time of the 

operation.   

The dust load is often highest close to the curb, between the lanes and between wheel tracks. 

Targeted dust binding application has practical advantages and may be used more frequently for dust 

binding to minimize adverse effects, and application on the whole lane can be used as an efficient 

tool during the worst street dust days. Whole lane treatment has a more substantial dust emission 

reduction potential but may reduce friction, especially if a solution with a high concentration is used 

(WP1 i Nordust214). 

Type of vehicle and equipment is affecting how and where the solution is spread throughout the 

road lane. 

In Norway, the most used equipment is to use a spreader on a tool carrier with nozzles or spinning 

plate spreaders (tallerkenspredere) that spread salt solution on the roadway behind the vehicle. The 

use of adjustable nozzle spreaders has proven to be more effective than plate spreaders in order to 

get the chemical in the right place and with the right amount towards the middle parts and along the 

roadside and kerbstones, where the dust most often is located.  The equipment can also have side-

mounted nozzles to spread chemicals out to either side of the tool carrier. Equipment with an 

additional nozzle boom has also been developed for maximum spread and flexibility in the 

distribution of the chemicals. In Sweden, the spinning plate spreader is also common, even though 

some municipalities have used spraying. 

Trondheim municipality (Norway) uses combi spreaders for this purpose with plate spreaders for 

distribution behind the vehicle and nozzle spreaders (4 flat jet nozzles on each side) for spreading on 

the side areas of the vehicle. One of the units has also been fitted with a 2.5 m wide nozzle boom 

 
13 Schlesinger, D. Elmgren, M.: Uppföljning av dammbindningsåtgärder på E4/E20 Essingeleden 2020 och 2021, SLB 2022:31, 

SLB-analys. 
14 NORDUST II – Nordic Road Dust Project Phase II, NordFoU Report 2024 

https://www.nordfou.org/sektion/nordic-road-dust-research-project-2#2
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consisting of 3 flat jet nozzles that can distribute solution in a width of 3 m. When using all the 

nozzles, it is possible to cover a width of up to 11 m. (2-3 lanes), but this is difficult to implement in 

practice due to spilling on other vehicles during distribution. 

 

Figure 2: Equipment for dust binding. Photo: Brynhild Snilsberg, Statens vegvesen, Norway. 

This equipment can be used for spreading chemicals on the roads, pavements, and on side areas with 

lot of fine dust from road. It is not recommended for use in tunnels if chloride salts are used due to 

the corrosive effect on equipment15. 

According to WP1 in the NorDust2 project, in Helsinki, Finland, equipment used for dust binding is 

customized to enable the application to the whole lane width or targeted to curb areas and between 

lanes. In Finland, the recommended application rate of the dust suppressants in the reviewed studies 

is 10 g/m2.  A higher application rate was used for targeted dust binding in Finland16. 

 

4.2.3 Timing of application 
Proper timing of application is essential to ensure maximal effects. Timing of dust binding application 

should be weather-dependent and should be optimized by utilizing information about weather 

forecasts, air quality and expertise in winter road maintenance, not according to a fixed schedule. 

These are the optimal conditions for dust binding application:  

- no precipitation (ongoing or forecast for upcoming day) 

- high relative air humidity (close to 80 percent). N.B: this is optimal but often not the case 

during high PM10 episodes. Dust binding will have a positive effect also at low relative 

humidity, but the duration of the effect will be shorter. 

- a rising trend in PM10 concentration 

 

 
15 Renhold og støvdemping av veg, gate og tunnel 
16 NORDUST II – Nordic Road Dust Project Phase II, NordFoU Report 2024 

https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
https://www.nordfou.org/sektion/nordic-road-dust-research-project-2#2
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The application should be done when traffic is at its lowest, before typical rush hours in the morning, 

for example between 04-06. It is more effective and safer to do the operation in low-traffic conditions, 

while the airborne dust is low, and because the effect is decreasing relatively fast after application.  

If the dust binding is carried out in the middle of a very dry and sunny day, the solution will dry out 

quickly, reducing the treatment’s effectiveness. Also, the solution will quickly be removed from the 

street surface if applied before heavy rain. The dust binding effect will remain for longer in conditions 

with higher air humidity and cloudy weather, while dry air and high insolation on the road surface will 

shorten the effect and might motivate more frequent application. 

In Helsinki, Finland, scheduling of the operations are made using dust episode predictions made by 

Helsinki Region Environmental Services HSY and weather forecast. CaCl2 is applied in the early 

morning hours before the beginning of the rush hour 17. 

In Norway, air quality predictions18 and weather forecasts are used to decide if dust binding 

operations are necessary, and for scheduling19. 

In Sweden, dust binding is used by several municipalities and by the Swedish road administration 

based on meteorological and air quality forecasts. 

In Iceland, dust binding is used in the capital area by the road administration and municipalities 

based on meteorological and air quality forecasts. 

Note, dust binding should not be applied short time before road cleaning, as dust binding also will 

prevent the dust from being removed from the surface by the cleaning machines. 

 

 

4.2.4 Cost for dust binding 
The price of chemical is dependent om many factors, like solution concentrations used, amount of 

applied solution, and for how long time the chemical has effect. It is therefore hard to conclude 

about price. However, Gulia et. al20 did some research about price, Table 2. The price of CMA was 

about 10 times as expensive as the other two in 2018.  Except for the product price, the price of dust 

binding as a mitigation measure also depends on a range of other factors, e.g. concentration, dose, 

frequency, duration and application technique used. 

 Table 2: Prices for different chemical solutions in 2018. 

Chemical Price Price relative to CaCl2 

CMA 1150-2100 $ per ton 11–20 

MgCl2 150-160 $ per ton 1.4–1.5 

CaCl2 105 $ per ton 1 

 

 
17 NORDUST II – Nordic Road Dust Project Phase II, NordFoU Report 2024 
18 Luftkvalitet i Norge (miljodirektoratet.no) 
19 Brage - Statens vegvesen: Renhold og støvdemping av veg, gate og tunnel (unit.no) 
20 Gulia, S. and Goyal, P. and Goyal, S. K. and Kumar, R. 2018. «Re-suspension of road dust: contribution, assessment and 

control through dust suppressants - a review». International Journal of Environmental Science and Technology. 

https://www.nordfou.org/sektion/nordic-road-dust-research-project-2#2
https://luftkvalitet.miljodirektoratet.no/
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
https://www.researchgate.net/publication/327846473_Re-suspension_of_road_dust_contribution_assessment_and_control_through_dust_suppressants-a_review
https://www.researchgate.net/publication/327846473_Re-suspension_of_road_dust_contribution_assessment_and_control_through_dust_suppressants-a_review
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4.2.5 Experience from the field 
There are a range of investigations made on the effect of dust binding on PM10 concentrations in the 

Nordic countries and elsewhere. In contrast to other road operation mitigation measures, the effect 

of dust binding is direct and can easily be evaluated, especially if a reference measurement site on a 

nearby street where no dust binding is used, is available. The mean ratio of PM10 on days without 

dust binding can be compared to days with dust binding and the effect can be calculated. In 2006 it 

was noted a 35% reduction of daily PM10 by application of CMA.21 

Gustafsson et al. (2010)22 compared the efficacy of dust binding solutions in the street environment 

using CMA (25%), CaCl2 (10%), MgCl2 (25%), sugar (25%). Measurements by the road all showed 30–40 

percent reductions in PM10 concentrations straight after spreading.  After that, concentrations started 

rising slowly, and were back to the level before the treatment in 4–5 days. There were no differences 

between the efficacies or durations of different solutions. The observed effect of the dust binding 

treatment typically lasted 2-3 days, after which application should be repeated.  

In the Helsinki Metropolitan Area, water spraying is used to reactivate the dust binding agent one 

day after its application. The efficacy or duration of this measure has not yet been studied23. 

MgCl2 solution should not be used in streets with tram tracks because experiences for Trondheim, 

Norway has shown that it can lead to low friction between the tram rail and the tram24. 

 

4.2.6 Unpaved roads 

In Alaska’s rural areas the community roads are unpaved, and during summer the PM10-levels may 

exceed the National Ambient Air Quality Standards (NAAQS). Different options have been used to 

control the road dust. The most common (and old) method is watering, but the effect is short lived. 

On warm, sunny days the effect may be as short as 1 hour or shorter. Also, proper drainage off the 

road surface is critical to avoid accumulation of water in ponds on and around the road, hence 

watering is a challenging dust management approach.  

Vehicle speed is crucial for dust production from unpaved roads. In many Alaskan communities, 

driver behavior campaigns, enforcement of speed limits and other methods to influence driving 

habits have been used to reduce dust production from unpaved roads. Still, approximately 50 

percent of all Alaska’s communities can manage road dust with such institutional control and road 

watering.  

Some rural communities use salt (CaCl2 or MgCl2) on unpaved roads annually, but lack of equipment, 

the large number of roads and costs are mentioned as reasons why using salt is limited.   

I Iceland salt (NaCl) solution is routinely used to stabilize unpaved roads during dry spells as a short-

term solution to control dust production. There has been some research on using different stabilizers 

like polymers on sandy soils roads in Alaska. By using polymer, cement, and plastic fibre they 

managed to establish a dust-free road that lasted for 6 years without grading. Disadvantages were 

 
21 Norman, M., Johansson, C., 2006. Studies of some measures to reduce road dust emissions from paved roads in 

Scandinavia. Atmospheric Environment 40, 6154-6164, 10.1016/j.atmosenv.2006.05.022. 
22 Gustafsson, M. Effekter av dammbindning av belägda vägar. VTI rapport 666. 2010. Vägverket. Swedish Road 

Administration) 
23  NORDUST II – Nordic Road Dust Project Phase II, NordFoU Report 2024 
24 Renhold og støvdemping av veg, gate og tunnel 

http://www.diva-portal.org/smash/get/diva2:675408/fulltext01.pdf
http://www.diva-portal.org/smash/get/diva2:675408/fulltext01.pdf
https://www.nordfou.org/sektion/nordic-road-dust-research-project-2#2
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/3085343
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high costs and the need for specialized equipment that was hard to provide, and the creation of 

potholes in the road25. 

Another alternative for dust control of gravel roads is to use for example Dustex, a bio-based dust 

suppressant made of lignin, the natural binder of wood fibres in spruce trees. It is a natural product 

that is safe to handle, non-toxic and environmentally friendly product. I may also be used for 

stabilization of the road26. 

 

4.3 Other short-term actions 
In addition to the short-term mitigation from road maintenance, there are some more mitigation 

that could be used. We list the most common in this chapter. We don’t discuss low emission zones as 

this is discussed in the NVF-report Transport solutions to improve local air quality27. 

 

4.3.1 Reduced speed limits 
Reducing the speed limit will reduce the kinetic energy for every vehicle and hence reduce the force 

that generate road dust. This could be a permanent mitigation, but it could also be used as a short-

term action. This mitigation is well established in some Norwegian cities and is considered to be a 

very successful mitigation28, 29, 30, 31. This mitigation is most effective in cases where: 

• roads have high annual daily traffic (ADT). 

• speed limit is medium, or high (> 50 km/h). 

• the share of heavy vehicles is high. 

• there are people living close to the actual road. 

There has been experiments on only using this on days when there are expected exceedances of the 

limit values of PM1032. This could be done in cities where there are electronic traffic signs for speed 

limits. This is indeed possible, but so far there are some weaknesses by using reduced speed limits 

this way: 

• The effect is less since the mitigation is only working some of the time. 

• This makes the traffic less predictable for the public, and the police. 

• This system must rely on a good forecast system. The predictions might be wrong. 

 
25 Connor B. et.al. Managing Alaska's Road-Dust Problem: A Model for Road-Dust Impacted Regions. J Transp Eng A Syst. 

2020 April; 146(4): doi:10.1061/JTEPBS.0000314. 
26 Borregaard (2020). Dustex – Environmental-, Health- and Safety assessment. 2020. LCA for dust suppression: Dustex vs 

salts 
27 Transport solutions to improve local air quality 
28 Miljøfartsgrense i Oslo. Effekt på luftkvaliteten av redusert hastighet på rv 4. 
29 Denby, B.R., Sundvor, I., Johansson, C., Pirjola, L., Ketzel, M., Norman, M., Kupiainen, K., Gustafsson, M., Blomqvist, G., 

Kauhaniemi, M., and Omstedt, G. (2013). A coupled road dust and surface moisture model to predict non-exhaust road 

traffic induced particle emissions (NORTRIP). Part 1: Road dust loading and suspension modelling. Atmospheric 

Environment, 77, pp. 283-300. 
30 Liisa Pirjola, Christer Johansson, Kaarle Kupiainen, Ana Stojiljkovic, Hans Karlsson & Tareq Hussein (2010) Road Dust 

Emissions from Paved Roads Measured Using Different Mobile Systems, Journal of the Air & Waste Management 

Association, 60:12, 1422-1433, DOI: 10.3155/1047-3289.60.12.1422 
31 Kupiainen, K., Denby, B. ., Gustafsson, M., Johansson, C., Ketzel, M., Kukkonen, J., … Stojiljkovic, A. (2017). Road dust and 

PM10 in the Nordic countries : Measures to Reduce Road Dust Emissions from Traffic. 
32 Eriksen, T. og Gjerstad, K. I. Prøveprosjekt med dynamisk styrt miljøfartsgrense 15.02.21-11.04.21. Evaluering, 2021. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252564/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252564/
https://www.borregaard.com/markets/dust-control-road-stabilisation/applications/dust-control/content-resources/sustainable-dust-suppression/field-proofs/life-cycle-analysis-dustex-vs-salts/
https://www.borregaard.com/markets/dust-control-road-stabilisation/applications/dust-control/content-resources/sustainable-dust-suppression/field-proofs/life-cycle-analysis-dustex-vs-salts/
https://nvfnorden.org/wp-content/uploads/2024/02/NVF-air-quality-Transport-solutions-desember-2023-4.pdf
https://nilu.no/apub/8124/
https://www.sciencedirect.com/science/article/pii/S1352231013003336
https://www.sciencedirect.com/science/article/pii/S1352231013003336
https://www.sciencedirect.com/science/article/pii/S1352231013003336
https://www.sciencedirect.com/science/article/pii/S1352231013003336
https://doi.org/10.3155/1047-3289.60.12.1422
https://doi.org/10.3155/1047-3289.60.12.1422
https://doi.org/10.3155/1047-3289.60.12.1422
https://doi.org/10.6027/ANP2016-790
https://doi.org/10.6027/ANP2016-790
https://www.vegvesen.no/globalassets/fag/fokusomrader/miljo-og-omgivelser/luft/proveprosjekt-med-dynamisk-styrt-miljofartsgrense---evaluering.pdf
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• There must be established routines for how to conduct this. 

 

4.3.2 Traction sanding 
Traction sanding is an alternative way to improve the road grip for vehicles. It is useful when 

different conditions cause salt to be a less good alternative. That could be if salt might have 

environmental impact on nearby water environment or groundwater, or if the temperature is not 

suitable for salt. Some point for good practice when it comes to traction sanding33: 

• The sand material should be abrasion resistant stone. 

• There should be a quality assurance to detect any poor sanding material. 

• The sand should be sieved, and preferably washed, to remove the smallest particles, less 

than 1-2 mm. Because the smaller particles would be a direct source for emission of PM10. 

• Sanding should be used where it is most useful. Besides, where salt should not be used for 

other reasons, sanding is most beneficial on other areas as sidewalks and bike lanes.  

• When sanding, the application rate (g/m2) should be optimized to the local weather and 

traffic conditions. Overload of sand will not improve traction but rather cause damage. 

• Accumulated sand material should be removed from the road surface when this is possible. 

 

4.3.3 Even/odd numbered license plates 
Local authorities might introduce driving restrictions so that vehicles with respectively even numbers 

and odd numbers are only allowed to drive in the municipality every second day. This will decrease 

the traffic volume and therefore also reduce emission of road dust. But even though, this mitigation 

is seldom used. This is because the effect is not documented to be strong, the mitigation is 

intervening to the public, and there is high cost for the local government to carry this through34.  

 

4.3.4 Temporary ban of studded tyres 
In Norway, local authorities could also temporarily ban vehicle with studded tyres to drive in the 

municipality on days where there is, or is expected, to be high levels of road dust. This is a more 

targeted mitigation to road dust than even/odd numbered license plates as it only frames the 

vehicles with studded tyres. It is still a very intervening mitigation and there is a quite high cost to 

use this mitigation35,36. 

 

5. Strategy on non-exhaust particles  
Road traffic generates road dust and contributes to air pollution by different wear- and combustion-

processes. In this chapter the focus is on factors affection production/generation of non-exhaust 

particles, for example the wear processes which are dominated by wear of pavements caused by 

studded tyres, but also wear of car tyres, road markings, breaks etc. 

 
33 Final report, NorDust (2019) 
34 Tiltakskatalogen, strakstiltak 2021. 
35 Trondheim kommune, Miljøenheten, 2018 Tiltaksutredning mot luftforurensing 
36 Forskrift om midlertidige trafikkregulerende tiltak for kommunal veg og riks- og fylkesveg ved fare for dårlig luftkvalitet 

https://api.vejdirektoratet.dk/sites/default/files/2022-08/NorDust%20Final%20report.pdf
https://www.tiltak.no/e-beskytte-eller-reparere-miljoeet/e2-luft-og-vannforurensning/e-2-1/?highlight=datokj%C3%B8ring
https://drive.google.com/file/d/1m5DDEdV883S5pMXCDFEcKWxqEfP2bp7p/view
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5.1 Pavement wear 
There are several factors affecting pavement wear: 

• Traffic: amount, share of heavy vs light vehicles (weight of vehicles and number of tyres), 

type/model of passenger cars 

• Tyres and studded tyre share: Studded tyres wear the pavement much more than non-

studded tyres (approximately 40 times more). The type of studded tyre is also important 

(static stud force, number of studs, weight of stud, protrusion etc), and the length of season 

studded tyres are allowed used. 

• Pavement: wear resistance to abrasion and fragmentation is dependent on type of asphalt, 

quality of aggregate material, maximum aggregate size and amount > 4 mm, type of binder 

(PMB give a small contribution to lower pavement wear because of more flexible mortar), 

and the pavement condition. Pavement macro texture affects build-up of road dust load and 

sweeper efficiency. 

• Speed level/limit: the driving speed affects both the pavement wear and resuspension of 

road dust, the higher the speed the higher the wear and suspension (Veivåg 201937, Eriksen 

and Gjerstad 202138) 

• Climate: pavement wear increases with humid pavement surface (3-5 times higher compared 

to dry conditions). Precipitation and wind can contribute to removal of road dust and 

transport road dust to ditches, recipient etc. 

• Winter maintenance: using chemicals for de-icing and dust binding keeps the pavement clear 

of snow/ice and humid which increases the pavement wear. Use of sanding materials can 

also contribute to wear and road dust, both through fragmentation of aggregates and 

additional wear of the pavement (known as the sandpaper effect). 

• Road design and driving pattern: pavement wear is higher when the vehicles accelerate or 

decelerate (curves, crossings, hills etc), and narrow roads lead to canalisation of the traffic 

and rapid development of rutting. 

 

5.1.1 Wear resistant and PM10 reducing pavements 
In countries using studded tyres, the type and composition of pavements are important factors for 

reducing the pavement wear and road dust generation. 

In most countries where studded tyres are used this has been a focus since the 1970 when the traffic 

volume was growing rapidly without restrictions on tyres with steel studs, resulting in considerable 

pavement wear. The pavement wear was reduced by 80 percent from 1970-2000 due to research 

promoting: 

• Use of larger maximum aggregate size, higher amount of coarse aggregate material (> 4 

mm), and use of stone mastic asphalt 

• Restriction in the length of the studded tyre season and type, number, weight, protrusion, 

and static stud force of studs 

 

 
37 Test av miljøfartsgrenser langs E6 Omkjøringsvegen Trondheim, Statens vegvesen 2019 
38 Eriksen, T. og Gjerstad, K. I. Prøveprosjekt med dynamisk styrt miljøfartsgrense 15.02.21-11.04.21. Evaluering, 2021. 

https://www.vegvesen.no/globalassets/fag/fokusomrader/miljo-og-omgivelser/forurensning/2019-rapport-miljofartsgrense-e6-omkjoringsvegen-trondheim_.pdf
https://www.vegvesen.no/globalassets/fag/fokusomrader/miljo-og-omgivelser/luft/proveprosjekt-med-dynamisk-styrt-miljofartsgrense---evaluering.pdf
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Important factors for wear resistance of asphalt pavements 

• Asphalt construction 

• Aggregate size, and amount of aggregates > 4 mm 

• Aggregate quality – in all fractions 

Resistance to studded tyre wear varies depending on aggregate grading and maximum aggregate size 

for different asphalt mixtures. Typical values for wear resistance for different pavement types 

(passenger car with studded tyres) are shown Table 3. 

 

Table 3: Wear resistance from passenger cars with studded tyres for different pavements. 

Asphalt type Asphalt wear (g/km) 

Stone mastic asphalt (SMA) 5 – 10 

Asphalt concrete (AC) 15 - 20 

Asphalt gravel concrete (AGC) 15 – 30 

 

«Rules of thumb» in pavement wear: in Norway there are some factors that are used for estimating 

the pavement wear from light vehicles with studded tyres, and for heavy vehicles with studded tyres 

or chains. The condition of the pavement (if it is humid or dry) is also affecting the pavement wear39. 

• Passenger car: 10 g/km 

• Truck with 

o Studded tyres: 5 times more wear than a passenger car 

o Chains: 20 times more wear than a passenger car 

• Humid pavement: 3-5 times more wear than a passenger car on dry pavement. 

In the Norwegian pavement design guide40 Table 3.1.4.2 (Table 4 below in this report) shows 

recommended pavement types for different conditions, including traffic volume and dominant 

deterioration mechanisms and functional requirements. Studded tyre wear (piggdekkslitasje) is one 

of the factors: 

 
39 Snilsberg, Brynhild, 2008, Pavement wear and airborne dust pollution in Norway 
40 N200 Vegbygging 

https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/235839
https://store.vegnorm.vegvesen.no/n200_2022


20 
 

Table 4: Table from the Norwegian pavement design guide (Table 3.1.4.2). The table is only in Norwegian. 

 

In Sweden, a range of studies on pavement properties effects on PM10 emission were summarized in 

Gustafsson & Johansson in 201241. Except for properties of asphalt mentioned above, the effects of 

the alternative constructions and material asphalt rubber, porous and cement concrete pavements 

had been studied (Table 5).  

 
41 Gustafsson, M., Johansson, C., 2012, Road pavements and PM10. Summary of the results of research funded by the 

Swedish Transport Administration on how the properties of road pavements influence emissions and the properties of wear 

particles. Trafikverket, Report 2012:241., ISBN: 978-91-7467-432-3 

http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
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Table 5. Summary of results from tests on PM10 emission from pavements tested in Sweden42. “+” means lower emissions 
and “=” equivalent emissions (for asphalt) and in relation to equivalent standard asphalt pavement (for asphalt rubber, 
porous and cement concrete). 

 

Later studies conclude that cement concrete pavements wear less than an equivalent asphalt 

pavement in total, but risk to emit more PM10 due to the contribution from the cement binder43. 

Porous pavements have been shown to reduce PM10 concentrations at the road as long as they are 

not clogged by dust44. A recent study45 could show that a porous pavement can have a positive effect 

on air quality due to lower resuspension, which in turn can be due to hiding of dust in pores, longer 

duration of moist in the surface and  reduced air pumping effects from tyres. 

5.1.2 Studded tyres 
Pavement wear can be high in countries using studded tyres, and the regulation for use of studded 

tyres, restrictions and the share of vehicles using studded tyres are therefore important in evaluating 

the pavement wear. Non-studded tyres will also wear the pavement, but in a low degree compared 

to studded tyres (1/40 of studded tyres in the NORTRIP model). 

Share of studded tyres: 

• Denmark: studded tyres are not allowed.  

• Norway: Data for national registration of studded tyres46 is mainly for cities, not any counting 

outside the cities. Estimated share in Norway in average is 50 percent but the share is 

different from north (80-90 percent to the south (10-30 percent between coast and inland, 

and in cities and outside. 

• Sweden:  As in Norway, the studded tyre share varies highly from south to north. In 2022, 

studded tyre shares in north- and mid-Sweden was between 90-95 percent while in the 

 
42 Gustafsson, M., Johansson, C., 2012, Road pavements and PM10. Summary of the results of research funded by the 

Swedish Transport Administration on how the properties of road pavements influence emissions and the properties of wear 

particles. Trafikverket, Report 2012:241., ISBN: 978-91-7467-432-3 
43 Gustafsson, M., Kraft, L., Olofsson, U., 2019, Moderna betongbeläggningar : utveckling mot mindre slitage och 

partikelemission, 03476030 (ISSN), Statens väg- och transportforskningsinstitut 
44 Johansson, C., 2011, PM10 emission från tysta beläggningar i Stockholmsregionen, ITM-rapport 198, Stockholms 

universitet, Institutionen för tillämpad miljövetenskap 
45 Svensson, N., Lundberg, J., Janhäll, S., Kulovuori, S., Gustafsson, M., 2023. Effects of a porous asphalt pavement on dust 

suspension and PM10 concentration. Transportation Research Part D: Transport and Environment 123, 

10.1016/j.trd.2023.103921. 
46 Statens vegvesen, Registration of studded tyres.  

http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
http://vti.diva-portal.org/smash/get/diva2:674206/FULLTEXT01.pdf
http://urn.kb.se/resolve?urn=urn:nbn:se:vti:diva-13697
http://urn.kb.se/resolve?urn=urn:nbn:se:vti:diva-13697
https://www.vegvesen.no/fag/fokusomrader/klima-miljo-og-omgivelser/luftforurensning/piggdekktellinger/
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southmost region, about 40 percent. The studded tyre share has on a national level 

constantly decreased during the last decade, but decrease is concentrated to the southern 

regions, see Figure 3. 

• Iceland: Data for share of studded tyres is collected in Reykjavík and Akureyri. The studded 

tyre share for Reykjavík varies from year to year but is usually 28-34 percent. Studded tyre 

share in the north of the country (Akureyri) is higher – ranging from 75-80 percent showing a 

similar trend to Sweden and Norway. 

 

 

Figure 3: Development of use of studded tyres in Sweden. Blue line “Dubb” is studded tyres, green line “Dubbfritt” is studless 
winter tyres. Summer tyres used in wintertime is in orange line. 

 

Regulation for air quality and (studded) tyres: 

• Norway: 

o Air quality: Forskrift om begrensning av forurensning (forurensningsforskriften) § 7-

6.Grenseverdier for tiltak. In Norway it is stricter regulation than EU. From 2022: 

PM10: Annual average: 20 µg/m3, number of days allowed exceedances of daily 

average 50 µg/m3: 25. PM2,5: Annual average: 10 µg/m3. 

o Tyres: Forskrift om bruk av kjøretøy § 1-4. Hjul. Non studded tyres are allowed all 

year round, studded tyres are allowed from 1. November- 1. Sunday after Easter in 

the southern region, from 16. October-30. April in the northern region (Nordland, 

Troms and Finnmark). Forskrift om tekniske krav og godkjenning av kjøretøy, deler og 

utstyr (kjøretøyforskriften) § 13-3.Hjul, dekk på bil. 

o Three (in 2024) cities have a fee for studded tyres (Oslo, Trondheim, Bergen), as 

shown by the symbol ‡ = Piggdekkgebyr in the table 

(https://www.vegvesen.no/fag/fokusomrader/klima-miljo-og-

omgivelser/luftforurensning/luftkvalitet/piggdekktellinger/). Some of these cities 

have a scheme with refunding people if they changed from studded to non-studded 

tyres when buying new winter tyres (piggdekkpant). Fee zones in cities are under 

assessment. 

• Sweden: 

o Air quality: In Sweden the EU limit values for airborne particles is applied. PM10: 

daily mean 50 µg/m3, yearly mean 40 µg/m3. PM2,5: yearly mean 25 µg/m3. 
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o Tyres:  Winter tyres must be used between December 1st and March 31st if winter 

conditions apply. Studded tyres are allowed between October 1st and April 15th, 

Trafikförordning47. 

o Three cities use the possibility to ban studded tyres in specific streets or areas 

(Stockholm, Gothenburg and Uppsala) and one more will be using it from 2025 

(Södertälje). 

• Iceland: Studded tyres are only allowed between 1. November to 14. April 

• Denmark: Studded tyres are not allowed.  

 

5.1.3 Abrasion wear of pavements and modelling 
One of the sources of particles and road dust, especially in countries where studded tyres are used, is 

abrasion wear of pavements. This abrasion wear is known to be dependent on several factors. These 

factors relate to both traffic, climate, pavement properties and tyre properties. For traffic, some 

parameters that affect the abrasion of pavements is the share of studded tyre traffic, the AADT, 

vehicle weights, traffic composition. For pavement factors and climate, including the aggregate types 

used and its resistance against abrasion (for instance the Nordic abrasion resistance), the largest 

aggregate size, the type of pavement (e.g. SMA or DAC), the wetness of the road surface where 

studies has shown a higher abrasion when the surface is wet48. For tyres, the number of studs, stud 

weight and shape affect the abrasion wear. 

In Sweden there is an abrasion wear model for asphalt pavements developed at VTI in 1997, which 

used data from field measurements and from large-scale laboratory testing at VTIs circular road 

simulator, and the model has been calibrated and evaluated several times since its 

development49,50,51,52. It is currently used as input data in the NORTRIP model53 and in the upcoming 

ERAPAVE design programme developed by VTI. Lundberg et al. (2019)49 however showed, based on 

limited field data comparisons to the model, that a new update is required due to generally 

overestimating the abrasion wear in the field by up to 50 percent. Simultaneously it was showed that 

reducing the modelled abrasion wear would have a direct impact on emission modelling using 

NORTRIP. 

 

 
47 Trafikförordning (1998:1276) 
48 Jacobson, T., and Wågberg, L.-G. (1997). Utveckling av prognosmodell för beläggningsslitage, slitageprofil och årskostnad. 

Linköping: Statens väg- och transportforskningsinstitut. 
49 Lundberg, J., Janhäll, S., Gustafsson, M., and Erlingsson, S. (2019). Calibration of the Swedish studded tyre abrasion wear 

prediction model with implications for the NORTRIP road dust emission model. 
50 Lundberg, J. (2020). Road Surface and Tyre Interaction – Functional Properties affecting Road Dust Load Dynamics and 

Storage. PhD thesis. ISBN 978-91-7873-535-8. KTH – Royal Institute of Technology: Stockholm. 
51 Jacobson, T., and Hornwall, F. (2000). Dubbavnötning på provvägar: mätresultat vintrarna 1998/1999 och 1999/2000 – 

validering av VTIs slitagemodell 1997-2000. Lägesrapport 2000. Linköping: Statens väg- och transportforskningsinstitut. 
52 Jacobson, T., and Wågberg, L.-G. (2007). Utveckling och uppgradering av prognosmodell för beläggningsslitage från 

dubbade däck samt en kunskapsöversikt över inverkande faktorer: version 3.2.03. Linköping: Statens väg- och 

transportforskningsinstitut. 
53 Denby, B.R., Sundvor, I., Johansson, C., Pirjola, L., Ketzel, M., Norman, M., Kupiainen, K., Gustafsson, M., Blomqvist, G., 

Kauhaniemi, M., and Omstedt, G. (2013). A coupled road dust and surface moisture model to predict non-exhaust road 

traffic induced particle emissions (NORTRIP). Part 1: Road dust loading and suspension modelling. Atmospheric 

Environment, 77, pp. 283-300. 
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It has also been shown in studies that the rock type has a direct impact on generated particles as 

investigated by54 in the VTI road simulator. They studied the impact on mineral aggregate type on the 

generation of PM10 as well as how the share studded tyres impacted. 17 different pavements tested, 

of types SMA8, SMA11 and SMA16, with rock aggregate types quartzite, mylonite, and porphyry of 

different Nordic abrasion values and Los Angeles values.  

 

5.1.4 Pavement impact on road dust storage and suspension 
Regarding road dust loading, expressed as DL180 (Dust load < 180 μm), it is shown that it follows a 

yearly cycle with lowest loads during the summer and highest loads at the spring before the drying 

processes start55. This is described to be due to the combination of strong sources during the winter 

in the form of studded tyres and winter traction sanding, while simultaneously having wet road 

conditions which binds the road dust to the surface. During spring, studded tyres are removed and 

the road surface dries up, increasing suspension of particles, which removes dust from the road 

surface texture and thus decreases dust loads to reach its minimum during summer. It has also been 

shown that the wheel tracks have less road dust compared to between wheel tracks, which is due to 

the high suspension forces in the tyre and road interaction compared to the aerodynamic processes 

surrounding a moving vehicle56. It has also been shown that in Sweden the road dust consists of 

primarily mineral dust, in Stockholm around 90 percent55. For the SMA (Stone Mastic Asphalt) 

pavements investigated in Stockholm55 it was shown that about 2 – 30 percent of the total road dust 

load consisted of particles < 10 μm, with an average of 14 percent. A similar study in Linköping, 

where an SMA and a DLPAC (Double Layered Porous Asphalt Concrete) were compared, showed that 

the DLPAC had a higher proportion of particles larger than 40 μm and a lower proportion of 10-20 

μm particles compared to the SMA56. 

Several studies have investigated the suspension behind tyres. Measurements in Stockholm during 

2006 around Hallunda in Stockholm showed that a studded tyre gave 4-17 times higher 

concentrations of PM10 compared to summer tyres, and between 2-6.4 times higher concentrations 

compared to winter tyres without studs. Particles were primarily around 3 – 5 μm in size57. When 

comparing a more abrasion resistant pavement (where the Nordic ball mill value was <6 compared to 

<9, where lower values is a more abrasion resistant aggregate), the difference between the 

pavements was 3 times higher concentrations for the less wear resistant pavement for studless 

winter tyres, while simultaneously only 1.2-1.4 times for studded tyres. It was concluded that 

studless winter tyres are more efficient to suspend particles compared to studded tyres, while the 

studded tyres instead contribute directly to the concentration, compared to summer tyres58.  

 
54 Gustafsson, M., Blomqvist, G., Gudmundsson, A., Jonsson, P., and Swietlicki, E. (2011). Vägbeläggningars 

dammningsbenägenhet. VTI Rapport 711. Linköping: Statens väg- och transportforskningsinstitut. 
55 Gustafsson, M., Blomqvist, G., Järlskog, I., Lundberg, J., Janhäll, S., Elmgren, M., Johansson, C., Norman, M., and 

Silvergren, S. (2019). Road dust load dynamics and influencing factors for six winter seasons in Stockholm, Sweden. 

Atmospheric Environment 
56 Lundberg, J., Gustafsson, M., Janhäll, S., Eriksson, O., Blomqvist, G. and Erlingsson S. (2020). Temporal Variation of Road 

Dust Load and Its Size Distribution—a Comparative Study of a Porous and a Dense Pavement. Water Air Soil Pollut 231, 561. 
57 Johansson, C. (2007). Kvantifiering av relativa betydelsen av dubbdäck, sandning/saltning och vägmaterial för PM10 

halten längs vägarna – Slutredovisning av forskningsprojekt. ITM-rapport 172. Stockholm: Stockholms universitet. 
58 Johansson, C., Hussein, T., and Karlsson, H. (2007). Betydelsen av bullerreducerande beläggning för partikelemissionerna 

– Delrapport från forskningsprojekt. ITM-rapport 164. Stockholm: Stockholms universitet. 
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Studies from Finland using the SNIFFER measurement vehicles59 investigated how studded tyres (on 

test track) and traction sanding (in field) affected particle emissions from the road surface and tyre 

interaction. They showed that the emissions increased for studded tyres compared to winter tyre 

without studs, especially for speeds above 50 km/h. It was also shown that even higher speeds, 

heavier studs, and a higher number of studs per tyre increased the emissions. Studies in large scale 

laboratory environment has shown that the emissions of particles for studded tyre abrasion wear is 

affected by the aggregates, especially the Nordic abrasion value and the Los Angeles value60, while it 

also seems like the binder is emitted more with studded tyres, both as coarse and ultrafine 

particles61.  

There have been other field studies on the difference between a PA11 (Porous Asphalt with 

maximum 11 mm aggregates) and an SMA16 on the E4 in Rotsunda/Häggvik around Stockholm, 

which showed that the PA11 gave lower concentrations of PM10 during the first year when the PA 

was newly constructed62,63,64. The concentrations thereafter increased for each year until the 

pavement had to be replaced earlier than expected. The relation between PM10 concentrations 

between the pavements increased from 1.0 to 2.0 during the first five years, while the relation 

between the NOx concentrations at each pavement was constant, meaning that the difference in 

traffic was not the cause. The study showed that during the first years of a pavement’s lifespan gave 

lower concentrations and that the pavement can impact the PM10 concentrations. A detailed study 

in Linköping could conclude that similar dust loads on a DLPAC and a SMA pavement resulted in 

higher PM10 suspension and higher PM10 concentrations at the dense SMA pavement. The effect 

was attributed to dust being hidden in the pavement pores, a more humid surface and reduced 

suspension forces due reduced air pumping in the tyre-road interface.65  

Another study where an asphalt on Folkungagatan in Stockholm was replaced in 2018 showed that 

the concentrations was reduced after the replacement, and while also considering the traffic 

reduction afterwards, the reductions were greater than expected66,67. Meanwhile it was shown that 

 
59 Kupiainen, K. J., and Pirjola, L. (2011). Vehicle non-exhaust emissions from the tyre-road interface - effect of stud 

properties, traction sanding and resuspension. Atmospheric Environment, 45(25), 4141-4146. 
60 Gustafsson, M., Blomqvist, G., Gudmundsson, A., Jonsson, P., and Swietlicki, E. (2011). Vägbeläggningars 

dammningsbenägenhet. VTI Rapport 711. Linköping: Statens väg- och transportforskningsinstitut. 
61 Gustafsson, M., Blomqvist, G., Brorström-Lunden, E., Dahl, A., Gudmundsson, A., Hjort, M., Johanssson C., Jonasson P. 

and Swietlicki, E. (2009). NanoWear: nanopartiklar från slitage av däck och vägbana. VTI-rapport 660, Statens väg- och 
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62 Elmgren, M., Norman, M., 2019. Effects of a noise-reducing asphalt on PM10 concentrations and emissions along E4 – 

Compilation and evaluation of measurements from 2015–2019. SLB 35:2019. Stockholm: SLB-analys. 
63 Norman, M., Elmgren, M., 2017. Inverkan av bullerreducerande asfalt på PM10-halter och emissioner längs E4 - 

Utvärdering av mätningar under 2017. Stockholm: SLB-analys. SLB 10:2017. 
64 Norman, M., 2016. Inverkan av tyst asfalt på PM10-halter längs E4 Utvärdering av mätningar under 2015 och 2016. 

SLB 11:2016 
65 Svensson, N., Lundberg, J., Janhäll, S., Kulovuori, S., Gustafsson, M., 2023. Effects of a porous asphalt pavement on dust 
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10.1016/j.trd.2023.103921. 
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67 Gustafsson, M., Blomqvist, G., Elmgren, M., Johansson, C., Järlskog, I., Lundberg, J., Norman, M., Silvergren, S., 2018, 

Driftåtgärder mot PM10 i Stockholm : utvärdering av vintersäsongen 2016-2017, 03476030 (ISSN), Statens väg- och 

transportforskningsinstitut, http://urn.kb.se/resolve?urn=urn:nbn:se:vti:diva-11889 
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the road dust load on the street was higher, which could indicate that the abrasion wear during the 

first year was higher in combination with a very coarse texture prone to accumulation of road dust68.  

Regarding the road surface texture there are a limited number of studies on how the macro texture 

impact the road dust storage and suspension. One aspect that is clear is that the space between the 

tyre and the road surface is determined by the enveloped profile of the tyre against the road 

surface69. It has been studied that the macro texture, expressed as MPD (Mean Profile Depth) or 

MTD (Mean Texture Depth) is correlated with road dust load70, where a rougher texture (higher 

texture values) could store more road dust. Another study in the circular road simulator at VTI 

investigated the maximum road dust load for different SMA pavements also found a positive 

correlation between MPD and road dust loads71. It was also discovered that a closely related macro 

texture measure, the inverted MPD, had a higher correlation with the road dust loading, argued to 

be due to it taking into account the valleys of the texture rather than the peaks, as is the case for 

MPD. Other studies72,73,74 have shown that the suspension of road dust is negatively correlated to the 

road surface macro texture expressed as MPD, and that deep and narrow texture could limit the 

suspension. Gustafsson et al. (2019)68 hypothesised that there is a fixed and a suspendible part of the 

dust load and that the suspension depth depends on vehicle speed. A coarse texture can accumulate 

more dust, which is stored if traffic speed is low, but can be suspended at higher speeds. The texture 

also affects the efficacy of road sweeping, since a coarse texture is harder to clean than a fine 

texture. 

A more recent publication75 compiles previous results on how the selection of pavements affects 

noise, particles and road dust and rolling resistance by performing a literature study. It summarises a 

lot of the latest knowledge regarding pavements and its impact on road dust and particle emissions 

from the road surface and tyre interaction, including brake and tyre wear. It is raised in that report 

the large knowledge gaps that still exists related to pavements and particles from the road surface 

and tyre interaction and its impact on air quality. Some examples on such knowledge gaps identified 

where more research effort is required was: 

• Regarding suspension: how does the texture influence, and how can the texture be 

measured to better understand the suspension? 

• A comparative study between different methods to measure road dust would be required 

since different methods gives different results. 

 
68 Gustafsson, M., Blomqvist, G., Järlskog, I., Lundberg, J., Janhäll, S., Elmgren, M., Johansson, C., Norman, M., and 

Silvergren, S. (2019). Road dust load dynamics and influencing factors for six winter seasons in Stockholm, Sweden. 

Atmospheric Environment 
69 Vieira, T., Sandberg, U. and Erlingsson, S. (2019) Negative texture, positive for the environment: effects of horizontal 

grinding of asphalt pavements, International Journal on Road Materials and Pavement Design, DOI: 

10.1080/14680629.2019.1610476  
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European Aerosol Conference (EAC). 
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73 Blomqvist, G., Gustafsson, M., Janhäll, S. and Lundberg, T. (2014). PM10 emissions and road surface dust load is 

influenced by road surface macro texture 
74 China, S. and James, D. E. 2012. Influence of pavement macrotexture on PM10 emissions from paved roads: A controlled 

study. Atmospheric Environment, 63, pp. 313-326. 
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• New update of the abrasion wear model is required to better model the abrasion wear and 

in extension particles originating from abrasion wear of pavements. 

• How can the road dust be quantified in different particle sizes during suspension from roads 

at different wind speeds etcetera. 

 

5.2 Microplastic from road traffic 
Microplastics are defined as particles from materials that contain a minimum of 1 percent synthetic 

or semi-synthetic polymers and has a size between 0,001-5 mm (definition based on from California 

Water Boards76). Tyre wear and road dust account for approximately 40 percent of the total release 

of microplastics from land-based sources. 

 

5.2.1 Tyre wear 
Tyre wear is believed to be the largest source of microplastics from land. Globally, the main source to 

microplastics from road traffic is wear of tyres. For Europe, it has been estimated that 500 000 tons 

of tyres are worn each year, in Sweden about 11 000 tons per year77 in Norway about 8000 tons per 

year 78, and in Iceland roughly estimated at 800 tons per year. Tyre wear depends on tyre properties, 

e.g. tyre type (winter, summer) and dimensions, vehicle weight and torque, driving style, road 

surface properties and climate. Tyre wear particles (TWP) range from µm to mm in size, can be cigar-

shaped or more crumbly and are black. At formation they normally mix with road dust, mostly 

minerals, metals and other particles deposited on the road surface to form tyre and road wear 

particles (TRWP). Ultrafine particles can also be emitted from tyres but are likely to be related to 

friction heat resulting in evaporation and condensation of volatile components in the tyre tread. Due 

to their black colour, standard methods for microplastic based on spectra from reflecting light, like 

FTIR, are not useful for analysis. Many methods have been further developed for better analysis of 

TWP, e.g. pyrolysis gas chromatography/mass spectrometry (pyr-GCMS), scanning electron 

microscopy with energy dispersive X-ray spectroscopy (SEM/EDX), micro-fourier transform infrared 

spectroscopy (µFTIR), thermal extraction desorption gas chromatography mass spectrometry (TED-

GCMS) etc.79 

The status of research related to microplastics from roads in Norway is per November 2023 limited to 

a few published studies. Two PhD projects focusing on road-related microplastic have been looking at 

developing new methodologies and analysing different sample types. 

In the PhD project MicroROAD80,81, an analysis technique of tyre wear particles and polymer-modified 

bitumen particles using pyrolysis GC/MS methods has been developed82. Using this method, they 
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have reported the mass concentrations of tyre wear and polymer modified bitumen, PMB-particles, 

in roadside snow83 and road tunnels84. The results for road-side snow show that concentrations 

decline with increasing distance from the road and increase by increasing traffic speed. It also 

demonstrated large differences between different types of roads, from inner-city urban roads to 

highways on the outside of the city, which can be related to different traffic and different snow 

removal strategies. For the road tunnels, the results showed that the tyre wear and PMB-particles 

accumulate close to the side walls in the tunnel (the bank area), which demonstrates the need for 

proper clean-up strategies of the road surface before tunnel wash. The study also showed that gully-

pots have high concentrations of tyre wear and PMB particles and thus could potentially be 

important for retaining these particles. Tunnel wash water were also tested in this study, where 

concentrations in untreated tunnel wash water was lower than for snow samples. The sedimentation 

treatment used for this tunnel (sedimentation basin) retained 63 percent of the tyre wear and PMB-

particles in the tunnel wash water before release. 

In the other PhD-project by Demmelash Mengistu (NMBU), the analytical methods tested was 

Simultaneous Thermal Analysis (STA) and Fourier Transform Infra-Red (FTIR) together with the 

staticial Parallel Factor Analysis (PARAFAC) model85. This method was further used on analysis of tyre 

wear levels in gully pots86 and in bioretention cells87. In the gully-pots, they reported that 15 percent 

(by mass) of the sediment were tyre wear particles. For the bioretention cells, which are used for 

stormwater treatment, the tyre wear concentrations were higher close to the inlet than further away 

in the cell. This demonstrates that the particles were retained in the soil system. 

In Sweden, a number of PhD projects, Ida Järlskog and Maria Polukarova, have or are dealing with 

road traffic related microplastics. Most have studied occurrence in different media around roads and 

on particle properties88,89,90,91,92,93. Between 2018–2020, VTI conducted a government assignment on 

microplastics from road traffic, focussing on differences in emissions between tyre types, particle 
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characteristics, occurrence in road environments, analysis developments within SEM/EDX techniques 

and mitigation measures94,95,96. Recent projects, financed by the Swedish EPA, have focused on 

microplastics in urban snow and in relation to street sweeping as well as microplastics from road 

markings97,98,99.  A research group in Luleå are working with microplastics in storm water and urban 

snow100,101,102,103.  

 

5.2.2 Other sources 
Tyre wear is the major source of microplastics from traffic, but there are other sources of 

microplastics from road traffic like road markings and use of polymer modified bitumen (PMB) in 

asphalt pavements. 

Road markings are used to regulate, warn, and direct traffic and can be of different types, for 

example thermoplastic systems, water-based and solvent-based paints, 2-component systems and 

tape for temporary marking. The materials are, among other things, composed of synthetic and semi-

synthetic polymers, various chemical additives, pigments, glass beads and fillers. All road marking 

materials that are currently used in the Norwegian market have a content of synthetic or semi-

synthetic polymers which means that particles originating from these are defined as microplastics. 

In Norway, there is use of “milled” road markings: milling a groove in the asphalt surface where the 

road markings can lie and be protected against wear. This is an effective measure to prevent the road 

markings from being mechanically worn by traffic and winter maintenance, and less microplastics are 

spread into the environment. 

In Sweden, few or no road markings are milled, resulting in a substantial wear caused by studded 

tyres and winter maintenance (e.g. ploughing). Data on wear of road markings are elusive, but a 
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recent study estimated the road marking wear in Sweden to be in the range 2000–14000 tonnes per 

year corresponding to 43–570 tonnes of polymers104. 

 

PMBs are used in asphalt materials to prevent deformation in the asphalt pavement and to extend 

the temperature range of the binders, thus ensuring longer life for asphalt pavements. This applies in 

particular where there are very warm periods in summer and very cold periods in winter, as well as 

were we have heavy loads and slow moving traffic. The emission of microplastics from asphalt 

containing PMB depends heavily on the pavement wear. It is only the wear of the top layer that can 

contribute to emission of microplastics. The asphalt pavement contains of 5 percent by weight of 

bituminous binder, and the proportion of PMB in the binder is approximately 3-4 percent by weight 

of the binder, therefore the amount of PMB in the asphalt is very low, and whether or not this can be 

classified as microplastics is uncertain. In addition, the use of PMB in asphalt reduces road wear from 

studded tyres, which would mean lower particulate emission from roads in general. The use of PMB 

is also an important factor in avoiding the road surface having to be repaved frequently on exposed 

road sections. 
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6. UN’s Global goals  
Nordisk Vejforum (NVF) has given all the working groups the mission to relate the work that has been 

done in this context, to the United Nations sustainable development goals, Figure 3: The 17 United 

Nations sustainable development goals. Below is some short reasonings on how the knowledge 

above relate to these goals. 

 

 

Figure 3: The 17 United Nations sustainable development goals. 

 

Global goal 3: Good health and well-being105 

The improvement of local air quality does more or less meet the UN’s sustainable development goal 

3 by definition, as maintain good health is the purpose of improving good air quality. UN has 

specified among the goal targets: “By 2030, substantially reduce the number of deaths and illnesses 

from hazardous chemicals and air, water and soil pollution and contamination”. Even though this is 

global goals, this is also relevant in the Nordic countries as the level of air pollution exceeds WHO 

guidelines in several Nordic cities. In Norway, air pollution was listed as one of the ten largest health 

challenges in 2018106. Institute of Health Metrics calculate that globally exposure of PM2,5 caused 4,1 

million deaths in 2019107.  

 

Global goal 9: Industy, innovation, and infrastructure108 

Developing good strategies for handling non-exhaust particles are not fundamental infrastructure as 

basic sanitation or access to electricity. Still, the work done on non-exhaust particles also meet the 

goal formed by the UN as UN describe “Technological progress is also key to finding lasting solutions 

to both economic and environmental challenges, such as providing new jobs and promoting energy 

efficiency. Promoting sustainable industries, and investing in scientific research and innovation, are all 
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important ways to facilitate sustainable development.”. Development of studded tyres, asphalt, and 

technology for mitigating in road maintenance - all contribute to UN’s goal 9. 

Global goal 11: Sustainable cities and communities109 

Strategies and mitigations that aims to improve local air quality will in most cases also support UN’s 

sustainable global development, goal 11. Among the goal targets here we find: “By 2030, provide 

access to safe, affordable, accessible and sustainable transport systems for all, improving road safety, 

notably by expanding public transport, with special attention to the needs of those in vulnerable 

situations, women, children, persons with disabilities and older persons”. When this goal is achieved, 

a following consequence is better local air quality. 

 
109 Goal 11: Sustainable cities and communities | United Nations Development Programme (undp.org) 
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