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1. Abstract 
 

1.1. English 
Stockholm, the capital of Sweden, is a big city with almost one million citizens. The city have 

got almost 4000 streets of different kinds and it is therefore important to see how the city's 

cleaning of streets is being managed. The surrounding environment is widely affected by it 

and a lot of money is being invested in the area since the city is interested in minimize its 

environmental impact. This study is a literature study which addresses the two largest parts 

in cleaning of streets, handling of street snow and street dust. It will elucidate how these 

two flows appears, interact and effect each other as well as how they circulate and 

recirculate in the city. The report will highlight that the city of Stockholm is doing a lot to 

minimize the environmental impacts of these flows but also discuss what the city can do to 

become even better within cleaning of streets from an environmental point of view.  

 

 

 

 

1.2. Swedish 
Stockholm, Sveriges huvudstad, är en stor stad med nästan en miljon invånare. Staden har 

ungefär 4000 gator av olika slag och det är därför viktigt att se hur stadens renhållning av 

gator hanteras. Den omgivande miljön påverkas stort av detta och en massa pengar 

investeras inom området eftersom staden är angelägen om att minimera sin miljöpåverkan. 

Denna studie är en litteraturstudie som behandlar två största delarna inom renhållning av 

gator, nämligen hantering av gatusnö och gatudamm. Den kommer att belysa hur dessa två 

flöden ser ut, samverkar och påverkar varandra samt hur de cirkulerar och återcirkulera i 

staden. Rapporten kommer att belysa att Stockholms stad gör en hel del för att minimera 

miljöpåverkan av dessa flöden men kommer också det att diskutera vad staden kan göra för 

att bli ännu bättre inom renhållning, utifrån ett miljöperspektiv.  
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3. Introduction 

3.1. Background 

Stockholm, the capital of Sweden, is the biggest city in Scandinavia and one of the five 

fastest growing regions in Europe. (Stockholm stad, Nu är vi 900 000 stockhomare, 2014) The 

municipality of Stockholm, or the City of Stockholm, has got 847 073 citizens (2011) and is 

estimated to reach 1 million by 2022. (Nationalencyklopedin, Stockholm, 2014) 

There are 230 parks in the city of Stockholm and approximately 12 000 trees are planted in 

street environments. (Stockholms stad, Parker, 2014) (Stockholms stad, Stockholms träd, 

2012) Stockholm city have got approximately 3600 streets of different kinds. (Bicycling, När 

sopas gruset från cykelbanorna, 2014) There are roughly 1530 kilometers paved streets and 

roads, 6 kilometers gravel roads, 2-3 kilometers tunnels and no ferry trails highways. (Private 

communication, C. Rosenblnd, 2014) 

The cleaning of a city and its streets is an activity that is often taken for granted by the 

general public. It is supposed to be there and operate but not be seen or heard and 

preferably not cost anything. Stockholm pronounces they want to be an attractive, safe, 

accessible and growing city for residents, businesses as well as visitors. To meet this, the city 

must appear tidy. (Stockholm Stad, Renhållning, 2011)  

3.2. Problem 
Cleaning of cities relate to collection, transportation and elimination of all kinds of waste 

from the human society. This waste can be divided into six groups; dirt and debris from 

streets and other public places, waste from households, latrine, snow and ice from streets 

and highways, industrial solid waste, liquid waste from things such as dishes, toilet and 

industries as well as rain and melt water. Other cleaning of streets categories that do not 

have to do with waste is swiping of streets, emptying bins in public places, maintenance of 

green areas, clearing wells and combating weeds. (Dufwa, Pherson, 1989, p.3)  

1. What are the main flows of cleaning of streets in Stockholm City and what do they look 

like?  

2. How do they circulate and recirculate and what are the adverse environmental effects of 

these?  

3. May these flows be improved or taken care of? 

3.3. Aim and relevance 

2014 the Traffic and Waste Management Committee have 328.4 million SEK excluding 

capital costs and internal rate of return in their budget. That is admittedly one hundredth of 

the city’s whole budget but also four times the Environmental and Health Committee 

budget. In other words, Stockholm city is investing a lot of money on this area. (Stockholm 

Stad, Budget 2014, 2014, p.3) 
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Stockholm has a worldwide reputation for the city's environmental work as well as excellent 

habitat, and became the Climate City of the year, 2014, appointed by World Wildlife Fund, 

WWF. Additionally 2010 Stockholm was the first European Green Capital. (Stockholm Stad, 

Stadens klimat- och miljöarbete, 2014)  

Cleaning of streets is an area important to examine since a lot of money are being 

investigated in it, it effects our environment more than we earlier thought, there are 

opportunities to organize unused resources as well as Stockholm City is concerned about its 

appearance. Broadly, the purpose of this report is to take a deeper look into cleaning of 

streets in Stockholm city. It will investigate the most essential flows that lead to street 

cleaning, snow and dust, by examining how they circulate, recirculate, interact, are being 

handled and taken care of from an environmental point of view.  

3.4. Limitations 

This study will not investigate how cleaning of streets will effect indoor environment, nor the 

impacts on a higher position above street level. It will also not emphasize how to protect 

oneself from possible harmful flows. Since exhaust gases are not treated within cleaning of 

streets and are of very small size, they will not be examined in this report. 
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4. Methodology 

4.1. Literature study 

This work is mostly based on information from the Internet since a lot of material had to be 

collected from the city of Stockholm’s webpage to investigate how cleaning of streets was 

performed, winter and spring. I have both used the search engine Google and Google 

Scholar, but also The Royal Institute of Technology’s database. 

4.2. Other investigation methods 

Some information were not found on the internet. This resulted in that further action was 

required. I contacted Pye Seaton, engineer at the Transport department (Trafikverket), Peter 

Ringkrans municipal employee at the Transport department, Mats Gustafsson Scientict and 

PhD at The Swedish National Road and Transport Research Institute (Statens väg-och 

transportforskningsinstitut), Anna Alenius Bolin investigator at The Swedish Agency for 

Marine and Water Management (Havs- och vattenmyndigheten), Anne Wallinder at Ports of 

Stockholm (Stockholms hamnar), Dr Peter Tunved Department of Applied Environmental 

Science and Atmospheric Science Unit at Stockholm University, Christer Rosenblad Project 

manager and analyst at the Traffic Office for urban environment, Maria Erlandsson 

communicator at Transport department through email and sent in numerous of questions 

on the city of Stockholm’s webpage. Phone calls were also made to Claudio Merino, EQC 

Management at the Transport department.  

4.3. Field studies 

I visited one of Stockholm snow dumps at Norr Mälarstrand in March to have a closer look at 

the area. I also participated in a Seminar named “Snow in urban areas, management, and 

environmental impact” on the 22 of May at Stockholm ports. Furthermore, I visited 

Stockholms Stads bibliotek to look for background information about Stockholm.   
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5. Definitions 
 

Aerosols – Particles or liquid droplets suspended in a gaseous 

phase 

Ultrafine particles –   Smaller than 0.1 micrometer 

PM10 –  A measure of mass concentration of airborne 

particulates, aerosol, which is smaller in diameter 

than 10 micrometers. Inhalable particles.  

PM2.5 – Have a size of about 2.5 micrometers or less. 

Inhalable. 

PM 10-2.5 – Particles smaller than 10 micrometers but bigger 

than 2.5 micrometers 

Big particles –   Over 10 micrometers 

Stockholm City –   The municipality of Stockholm, Stockholm 

Street dust –  Collective name for the particles that accumulate in 

the road environment 

Winter –   December - February 

Spring –  When the average temperature will be rising and lie 

between 0 and 10 °C  

Sealers –  Spreading a solution to a road surface that binds the 

dust to the road surface. 

Friction tires –   Studded free winter tires 

Environmental quality standard –  A regulated level of a specific subject, which must 

not be exceeded 

Wear particles –  Particles that is ripped off from solid surfaces 

through abrasion dust physical impact 

Total content of particles –  Particles of different size in suspension in air 

   (<40 micrometers) 

Winter Road Conditions –  Considered to exist when there is snow, ice, slush or 

frost on any part of the road. It is the police who will 

decide if winter road conditions are prevailing.   

Toxicology –  concerned with the study of the adverse effects of 

chemicals on living organisms 
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6. Results 
To be able to investigate and make a critical analysis of the crucial main flows of street 

cleaning in Stockholm both management, accountability and disposal needed to be sorted 

out. The following pages shows the result of what these flows look like and give the reader 

an excellent background how they are being handled. 

6.1. The municipality of Stockholm 

The two biggest parts in cleaning of streets in Stockholm City is handling of snow and 

swiping of streets. (Dufwa, Pehrson, 1989, p. 58) These two groupings might seem aberrant 

from each other but do actually interact in the following manner. 

During winter in Stockholm several acts must be applied to handle the snow. Plowing and 

deicing of streets are operations that the municipality must handle and it is also legislated 

that one must use studded tires. The two biggest reasons why street dust and hazardous 

particles in the air occur are deicing, in terms of wood chips, gravel and sand, and the usage 

of studded tires. Similarly the dust end up in the snow. These two therefore work together 

and must be investigated together. (Stockholm stad, Om partiklar, luft och hälsa, 2012) 

6.2. Cleaning of Snow from streets in Stockholm 

 Snow on the streets 

Meteorologically winter is defined as the time when the average daily temperature 

permanently reaches zero or below. Generally the winter arrive to Stockholm on the 6th of 

December and is calculated over a long period of time. The calendric definition, however, 

says that the winter include December, January and February. (SMHI, Vinter, 2011) 2012 

Stockholm had 41 centimeter snow in December, the most in 10 years, which lead to 10 

million cubic meter snow in the inner city. (SMHI, Julväder, 2013) (SVT, Stockholm får 

fortsätta dumpa snö I vattnet, 2013) The 1st of July 2011 the Swedish Agency for Marine and 

Water Management, public government, took over the snow management from The 

Swedish Environment Protection Agency. (Private communication, K. Holgers, 2014) This 

authority is divided into four groups where the department for marine and water 

management is the part that handles the snow in the city (the other three are Science Affairs 

Department, Department for Fisheries Management and department for operational 

Management). It is permissible to use studded tires during the period 1 October to 15 April 

and requirements apply to both light and heavy vehicles such as Swedish and foreign 

registered vehicles. Studded tires may be used during other times, if it is or is likely to 

become winter conditions. (Transportstyrelsen, Vinterdäck, 2014)  

 Snow is classified as waste 

Since snow may contain a lot of impurities such as salts and lead from traffic, streets, parks, 

squares, and littering it is now classified as waste. According to the environmental code 

chapter 15 § 1 “Waste means any article or substance which the holder discards or intends or 

is required to discard” snow falls under the waste definition in the same way as 

contaminated water does. (Naturvårdsverket, Regler av uppläggning av snö på land, 2014) 
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Also storage and organizing of snow is considered as environmentally hazardous activities 

(Environmental code 9 chapter 1 §) (Svensk författningssamling, Miljöbalk, 1998, p.22) 

However, the general rules of consideration in the environmental code  chapter 2 shall 

always be followed and the choice of location of snow dumping shall be made to pose as 

little intrusion into land or water as possible (Environmental code  chapter 2 § 6) (Svensk 

författningssamling, Miljöbalk, 1998, p.2) (Naturvårdsverket, Regler av uppläggning av snö 

på land, 2014)  

 Laws and regulations 

According to the environmental code chapter 26 § 3  third subsection the municipality have 

the general supervision of waste management and regarding dumping from land it is the 

municipal committee that is responsible (based on chapter 2 § 28  environmental inspection 

regulation merely stated shipping and aviation) (Sveriges Riksdag, Miljöskyddsförordningen 

(2011:13), 2011) (Sveriges Riksdag, Miljöbalk, 1998) When it comes to dumping in the sea or 

by aircraft it is the County Administrative Board (Länsstyrelsen) in cooperation with the 

Customs Service and the Coast Guard responsible for the operational supervision (chapter 2 

28 § environmental inspection regulation (2011:13)) (Sveriges Riksdag, 

Miljöskyddsförordningen, 2011) These laws and regulations can make several authorities 

responsible and if that is the case the two have to reach an agreement on where the 

responsibility shall lay. However, both are always operative if required. Since dumping often 

occurs from a truck or similar vehicle from a dock down into the water, it is being made from 

land. Seeing that, the municipality is the regulator, i.e. the municipal committee is the 

operating regulator over waste management in the commune of environmentally hazardous 

activities that do not require permits or notification. A dumping exemption relates to 

dumping of snow on a certain place, which means there is a place related activity and can 

therefore be defined as environmentally hazardous activities. Something called disposal 

intention make sure that the person who is dumping snow intends to discard the snow. To 

be able to dump snow in the water you need exemption from the prohibition at the County 

Administrative board. (Havs och vatten myndigheten, Frågor och svar om dumpning och 

hantering av snö, 2014)  

 Stockholm has obtained an exemption 

Stockholm city has been granted an exemption to dump 800.000 cubic meters of snow into 

Mälaren and Saltsjön each winter until 2016. There are four locations for snow dumping in 

the inner city – at Värtan, Stadsgården, Norrmälarstrand and on Blasieholmen. (Dagens 

Nyheter, Vill dumpa snö I fyra år till, 2013) However, this is followed by conditions that 

visible debris is removed before dumping and that only new snow, two days old, are being 

dumped in the lakes. (SVT Nyheter Regionalt, Oren snö dumpas i Mälaren, 2012) The snow 

that does not go into nearby lakes are placed on places in close proximity to the area that 

has been plowed. If necessary, this snow are being driven to land dumps. (Private 

communication, P., Seaton, 2014) (See figure 1 and 2).  

Independent consulting firms have analyzed and taken regular sampling on the snow. These 

have all shown that it contains low levels of metals and other substances. All limits for 



11 
 

pollutants are thus undercut by a large margin. (Stockholms stad, Bortforsling av snö, 2013) 

The city of Stockholm have also taken samples on the snow before tipping, on the surface 

water after tipping and on bottom the sediments. (Sveriges Television, Stockholm får 

fortsätta dumpa snö i vattnet, 2013)  

These samples have shown (winter 2012-2013) that the admixture of particles in melted 

snow are about 10 grams per liter melted snow. This means that melted snow consists of 99 

weight percent water and 1 weight percent residual material. It is estimated that about 90 

percent of the residue in the snow is greater than 0.2 mm, i.e. these particles will form 

sediment relatively quickly. Attempted analyzes show that the concentrations of metals and 

organic matter is low, almost like regular sand. Particles smaller than 0.2 mm contain higher 

metal concentrations but the median concentrations of the sediments in Stockholm are 

overall low, so low that the sedimentation of these particles will not increase the 

concentration of these substances in Stockholm sediments. The melted snow pass the 

environmental quality standard for priority substances (EU Directive). From these studies it 

is estimated that dumping of snow during winter 2012/2013 possessed no environmental 

impact on surface waters in Mälaren or near the three snow dumps in Saltsjön. (Private 

communication, Ö. Nilsson, 2014) Thus, these do not indicate in any adverse environmental 

impacts, but yet Stockholm city have an inspection program to minimize the amount of snow 

that falls in the water. (Sveriges Television, Stockholm får fortsätta dumpa snö i vattnet, 

2013)  

 

 

 Snow facilities 

In accordance to chapter 9 § 1 in the environmental code, arrangement of snow is 

considered as environmentally hazardous activities. Snow that have been plowed away and 

removed normally don’t end up on a spot arranged especially for snow dumping. This makes 

it difficult to decide whether this spot can be considered as a facility and the snow storage is 

not usually covered by the permit- and reporting requirements. But if a spot has been 

arrange for snow storage with hard areas and purification of meltwater it can be classified as 

a facility and it is obliged to permit and report (Svensk författningssamling, Miljöbalk, 1998, 

p.23-25) (See figure 3)  

 

Figure 1. Middle. Sign 

referring to snow. 

(Photo: Jennifer Palén.) 

 

Figure 2. Right. 

Dumping snow in the 

lake at 

Norrmälarstrand dump. 

(Wikipedia, Renhållning 

och sophämtning I 

Stockholm2012) 
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 Appliance - deicing 

After the plowing have been made the streets are being slip fought. Slip Fighting, or deicing, 

means that the streets are prevented from slipping with sand or wood chips (crushed stone). 

Mostly mechanical deicing are used and not so much chemical, due to environmental 

reasons. (Private communication, Stockholm stad, (1), 2014) Different methods are used 

depending on the traffic load and weather but for environmental reasons, Stockholm city try 

to use as little salt as possible. The big roads in the inner city, though, are always salted. 

Deicing is prioritized on roads, bus lanes and high traffic thoroughfares. (Stockholm Stad, Snö 

och halka, 2014) In the inner city of Stockholm, recycled sand from the streets swiping in 

spring are being used. (Private communication, Stockholm stad, (1), 2014) 

 Effects 

Nature 

Clean, white snow do not affect our nature negatively since the surrounding nature have 

adapted to the climate. The content of it is not hazardous either since it is just ice crystals. It 

is when the snow starts to contain impurities and being classified as waste that it even could 

Figure 3. ”The snow dump must only be used by the City of Stockholm Traffic Office city Centre. All other tipping 

prohibited.” A fenced area on Norr mälarstrand in Stockholm for dumping of snow. (Photo: Jennifer Palén, 2014) 
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be detrimental. It is the large cities that have the biggest problems with polluted snow, in 

that way it can be seen as a relatively modern issue. 

It is the grey or black snow that should be carefully managed. Snow might contain heavy 

metals, salts and different types of oils which is a problem if it is being dumped in lakes. 

Furthermore it is becoming much more difficult to control the content of the snow and 

where it goes. It might affect the environment in the lake negatively but in what scale is still 

unknown. (SVT Nyheter Regionalt, Oren snö dumpas I Mälaren, 2012) When dumping in 

lakes turbidity can arise. If there are no impurities attached to the dumped matter the 

turbidity does not have any greater negative effects on animals or plants. Waste such as 

hazardous snow on the other hand, might contain impurities and may mean that pollutants 

are transported to the water mass. (Havs och vattenmyndigheten, Dumpning, 2014)  

When handling snow it is the transportation of snow that stands for the biggest 

environmental impact. To minimize the transportation, plowed snow are only being 

removed when traffic flow is threatened or to prepare the streets before expecting very 

heavy snowfall. (Stockholm Stad, Snö och halka, 2014) Stockholm city try as far as possible 

not to transport the snow long distances. On the other hand, nearby trees can be damaged 

by large snow embankments due to the heavy weight and content. (Viklander, 2014) 

Humans 

In general, snow is not hazardous to people as long as one is not severely ill and are having 

difficulty to handle cold. Snow that melts and go via wells or urban runoff are cleaned 

naturally or through a purification facility. Snow that are being dumped straight into lakes, 

though, might contain small harmful particles.  

When dumping snow in water, it is harder to control the contaminants and where they go. If 

the fish life ingests food or water containing heavy metals, we might get poisoned ourselves 

through the fish we eat. The measurements so far have only showed good values, though. 

(See page 10). It is a fact that our lakes must be prosperous to obtain human health, since 

water supply is necessary for human survival. (Private communication, Ö. Nilsson, 2014) We 

are already struggling with sick lakes and oceans with a sea bottoms without life, caused by 

e.g. algal blooms, so it is really important to take care of the lakes we have.   
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6.3. Cleaning streets from dust in Stockholm 

 Street dust and particles in the air 

Particles in outdoor air are generated both naturally and through human activity 

(antropogenic). Volcanic eruption that throws up pyroclastic material into the atmosphere, 

forest- and grass fires, sandstorms, sea salt and street dust are natural factors that cause 

particles in the air, whilst road traffic and wood heating are examples of anthropogenic. 

(Narurvårdsverket, Miljökvalitetsnormer för partiklar I utomhusluft, 2008) “Particulate 

matter” (PM) describes material in terms of microscopic particles, where PM10 describes 

particles smaller than 10 micrometers, i.e. smaller than ten thousandth of a millimeter. 

(Stocholm Stad, Om partiklar, luft och hälsa, 2012) The particles are measured in mass 

concentration, the mass of particles in a given volume of air. The Swedish Air Quality 

Regulation (Luftkvalitetsförordningen) define PM10 as particles that are not larger than they 

can pass through a selective inlet with a 50 percent efficiency to separate particles with an 

aerodynamic diameter of 10 micrometers, that is to say inhalable particles. The same thing 

applies for PM2.5 but with an aerodynamic diameter of 2.5 micrometers. Particles in the 

range of 2.5-10 micrometers (PM2.5-10) is composed mostly of so called abrasion particles 

of local origin. (Svensk författningssamling, Luftkvalitetsförordning, 2010) Approximately 90 

percent of these small particles come from natural sources where the remaining 10 are 

anthropogenic, human-made. (Earth observatory, Aerosols: Tiny Particles, Big Impact, 2010)  

Street dust consist all of the particles present in the road environment, but normally it does 

not include particles emanating from the vehicle exhaust. (Statens väg- och 

transportforskningsinstitut, Vägdamm, p.4) This type of dust is generated from road surface 

wear, dust from road use, and salting but also pollen and construction dust that are being 

blown up by passing traffic. The greatest cause of street dust and PM10 in the air however, is 

assessed to be road wear through use of studded tires since all the other particles are either 

too small or too big (See figure 4). As much as 86 percent of particles in the air accounts for 

wear and tear of the road. (Stockholm Stad, Om partiklar, luft och hälsa, 2012) When these 

particles are torn up they swirl up and street dust occur. Sanding of streets in the winter and 

swiping of streets after the winter are other factors that cause street dust, but also wind 

speed, air temperature, road surfaces, traffic levels and traffic speed have impact on the 

levels of dust. The majority of the street dust are coarse material that do not stay in the air 

for long, but swirl up temporary. Some of the dust though, are small enough to stay in the air 

for a longer period of time. Street dust primarily occur in the spring since the streets are 

desiccating and particles that have been resting during winter swirl up by the traffic and 

wind. Late autumn and winter when cars have studded tires a lot of particles are being torn 

up too. (Redust, Mindre gatudamm – renare luft, 2012, p.9) During winter 2010-2011 the 

studded tire portion in Stockholm was measured to approximately 60-65 percent. 

(Stockholms och uppsalas läns luftvårdsförbund, Frågor och svar) 
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Various unhealthy particles are being generated through emissions by road traffic, such as 

sulfates, nitrates, organic matter and soot. Also incineration of biofuels and petroleum are 

causing small particles in the air. (Narurvårdsverket, Miljökvalitetsnormer för partiklar I 

utomhusluft, 2014)  

Street dust and high particle concentrations in the air are peaked in the cities in comparison 

to the rural since these areas have much more traffic and streets lined with houses, which 

stop the air from circulate but swirl and contaminating the air we breathe. The highest 

particular concentration can be measured a dry spring day on a naked grip by the most 

trafficked streets. (Stockholm Stad, Om partiklar, luft och hälsa, 2012) However, the particle 

levels are often higher at narrow streets or alleys between high buildings where conditions 

for ventilation and air circulation is poorer in comparison to wide streets or roads without 

buildings. (See illustration figure 5) These streetscapes let contaminated air remain and air 

vortices arises. In these areas, the particle levels are thus higher.  

 

 

 
 

 Laws and regulations 

In 1999 the National Environmental Quality Standards (miljökvalitetsnormer) was introduced 

in conjunction with the Environmental Code (Miljöbalken). These standards are based on 

directives of the European Union. The Regulation on environmental quality standards for 

Figure 4. Diagram over different particles. (Photo: Jennifer Palén. 2014) 

Figure 5. This picture shows how street dust swirls instead of being vented the narrower streets are, i.e. the 

denser the houses are situated. (Photo: Jennifer Palén. 2014) 
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ambient air (2001:527) says that the municipalities must verify that the environmental 

quality standards for including nitrogen dioxide and respirable particles are met. 

(Miljöförvaltningen I Stockholm, Luften I Stockholm, 2003) The 1st of January 2005 a new 

environmental quality standard was introduced in order to start to regulate the content of 

hazardous particles in the air. It said that the average content during a day must not exceed 

50 µg/m3 for more than 35 days per year and that the average content per year must not 

exceed 40 µg/m3. (Statens väg- och transportforskningsinstitut, Vägdamm, p.3) From 2015 

there is a requirement that the content of the finer particles in the air, PM2.5, should not to 

exceed 25 μg/m3 as an annual average. The overall exposure to PM2.5 will also decrease 

continuously until 2020 according to specific national objectives. These requirements are 

contained in the Air Quality Directive (Luftkvalitetsdirektiv), which is implemented in Sweden 

through the Air Quality Regulation and Environmental Protection Agency (Naturvårdsverket) 

regulations on the control of air quality. (Sveriges Riksdag, Dubbdäck och PM10-halter, 2013) 

The Traffic office, Trafikkontoret, is a specialist management within Stockholm City and hs 

got the overall responsibility over the city’s waste management, including street cleaning. 

(Stockholm stad, Trafikkontoret – 08-50827200, 2013) When the streets are being swept by 

cars after the winter seasons ended, the objective is to be finished by the 1st of May in the 

inner city and the 15th of May in the suburbs. There are different deadlines since the outer 

city has much bigger areas to swipe, but also because snowdrifts remain longer here. In the 

inner city snowdrifts are being transported away.  

When streets are being swiped from sand, though, it always interacts with irrigation to 

prevent formation of dust. This means that the swiping cannot start before there is no risk of 

temperature below zero, since it could lead to slippery roads. Sand swiping of roads is 

therefore weather dependent. 2014 the mild winter allowed swiping of roads to start earlier. 

(Private communication, P., Seaton, 2014) To eliminate the streets and walkways from sand 

that does not come up with the sucking sweepers the traffic office coils with plain water. 

(Private communication, Stockholm stad, (2), 2014) 

The highest particle levels have been measured along the biggest arterial roads, but in the 

inner city have too high levels as well. Approximately twenty streets in the inner city of 

Stockholm exceed the environmental quality standards for PM10 sometime during the year. 

(Stocholm Stad, Om partiklar, luft och hälsa, 2012)  

 

 Studded tire prohibition 

On January 1, 2010, a ban on studded tires was initiated on almost all of Hornsgatan due to 

that a reduction of the high particle levels in the air was required (See figure 6). (Stockholm 

Stad, Dubbdäcksförbud på Hornsgatan, 2012) The year after, 2011, the daily norm was 

exceeded 58 times compared to 77 exceedances 2008 before the ban came into force. There 

was thus a reduction of 19 times over the 3 years. (Stockholm Stad, Om partiklar, luft och 

hälsa, 2012) This did not only result in a drop of PM10 in the form of a reduction of vehicles 

with studded tires, but also a reduction of the total traffic. Environment Department 
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Figure 7. Monthly averages PM10 concentrations in the Southern Link tunnel. (SLB-analys, Genomsnittliga 

emissionsfaktorer för PM10 i Stockholmsregionen som funktion av dubbdäcksandel och fordonshastighet, 

2008) 

estimates a decrease of about 7,000 vehicles a day on weekdays during the period January – 

March 2010. (Trafik och renhållningsnämnden, Förslag till beslut, 2009) The winter 2011-

2012, the number of vehicles with studded tires was down to 5,000 vehicles a day, 

compared to 18,000 a day before the ban. (Statens väg- och transportforskningsinstitut, 

Driftåtgärder mot PM10 på Hornsgatan och Sveavägen i Stockholm, 2012) Also, the general 

number of vehicles using studs on their tires went over this period from 70 percent to 35 

percent. (Miljäförvaltningen I Stockholm, Vad dubbdäcksförbudet på Hornsgatan har betytt 

för luftkvaliteten, 2011) 

 

 

 

This regulation on Hornsgatan was meant to lead to a reduction of the city's entire air quality 

standard. If not, the committee must consider a continued regulation of the use of studded 

tires on more streets in Stockholm. The last few years the usage of studded tires has 

decreased throughout Stockholm (62 percent) but the reduction of the traffic passing 

Hornsgatan is significantly greater (31 percent). (Trafik och renhållningsnämnden, Förslag till 

beslut, 2009) The diagram below show how crucial the usage of studded tire are for the 

particle levels in the air over the winter months.  

 

Figure 6. Studded tire prohibition extent on Hornsgatan in central Stockholm, Södermalm. 

(Miljöförvaltningen I Stockholm, 2011, Vad dubbdäcksförbudet på Hornsgatan har betytt för luftkvaliteten) 
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 Appliance – sealers 

To reduce the re-suspension of dust, something called chemical sealer has been used. This is 

different kind of solutions that is being sprayed on to the roadway keeping it moist and 

prevents the dust from swirling up. Examples of sealers are salt solutions (magnesium 

chloride and calcium chloride) and calcium magnesium acetate (CMA). All these sealers are 

hygroscopic and are therefore able to keep the road surface moist for longer than water. 

Some other compounds might work as sealers but a problem regarding friction reduction 

has contributed to uncertainty regarding the use, particularly on roads with high speed. 

(Stocholm Stad, Om partiklar, luft och hälsa, 2012) Studies have shown that different sealers 

have about the same PM10 lowering effect - as much as about 35-40% after the first laying. 

After the second exposition an effect of approximately 60% was achieved, which may 

indicate a collective effect. After 3-4 days the effect wears off. Stockholm City is using CMA, 

since it is the most environmental sealer. (Statens väg- och transportforskningsinstitut, 

Effekter av dammbindning av belagda vägar, 2010, p.5) However, treatments on the streets 

in the inner city, such as Norrlandsgatan, show lower results than highways, namely 10 

percent reduction. This is partly because of parked vehicles prevented the comprehensive 

application of CMA on the entire roadway.  

CMA has also been investigated to be used as deicing of streets after plowing. Something 

that goes under the name Ice-Away is used and it is an aqueous solution with 25 weight 

percent CMA. (Trafikverket, Partiklar i stadsmiljö – källor, halter och olika åtgärders effekt på 

halterna mätt som PM10, 2004) 

 Effects 

Nature 

Whether the surrounding nature is affected by street dust obviously depend on how 

sensitive the environment is. Particles are spreading from the traffic to the nearby ground, 

water, plants and creatures primarily by splashing and draining. In these particles you find 

different kind of metals, salt, minerals and different organic and inorganic compounds from 

coting, tires, breaks, corrosion and loading. Bottom sediments in lakes close to highways 

have shown to contain high levels of impurities, for example polyaromatic hydrocarbons 

(PAH), some of which are carcinogenic. In summertime in urban areas the particle levels 

mainly consist of copper and antimony which are metals from break dust while metals from 

coating wear dominate late winter. Salt is also being found in street dust, but whether it can 

be associated with health- or environmental impacts is still unclear. (Statens väg- och 

transportforskningsinstitut, Vägdamm, p.7-8)  

The tire industry have developed a lot the latest years in an environmental point of view. 

Tire technology has drawn attention to the Nordic conditions in a better way and the tires 

construction, rubber compounds and double techniques have been greatly enhanced. This 

have resulted in tires with better grip, lower rolling resistance and less road wear. 

Fortunately the manufacture of tires in the EU have stopped using high motoric oils that are 

classified as carcinogenic.  
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Humans 

One of our sever pollution problems are respirable particles in our ambient air.  These 

particles normally have a maximum size of 10 micrometer but the biggest pierceable 

dimensions are about 15 micrometers. If these particle levels in the air are sufficiently high it 

can cause respiratory irritation. These particles are especially adverse to humans that are 

suffering from cardiovascular diseases or other respiratory diseases such as chronic 

obstructive pulmonary disease (COPD) but also elderly or asthmatics. (Naturvårdsverket, 

Partiklar (PM10), 2014). Since our respiratory continue to develop till our twenties, children 

are also particularly sensitive, as particles deteriorate the lung function. Too high levels, 

though, are injurious to anyone.  

Ultrafine particles (smaller than 0.1 micrometers) can spread from the lungs to the 

bloodstream via the pulmonary alveoli walls, meaning that it might be the smallest particles 

that are the most harmful. (Redust, Mindre gatudamm - renare luft, 2012, p.2) The coarser  

than cardiovascular diseases. Furthermore, there are studies that shows of something called 

Particle effect, meaning that despite what the particles consists of it gives the similar 

negative effects on the population. (Statens väg- och transportforskningsinstitut, Vägdamm, 

p.5) Being exposed to street dust during a long period of time or residing in an extraordinary 

dusty environment make physical injuries rise.  Also by exerting physical activity such as 

jogging in dusty environment are more adverse, since breathing are more intense. (Redust, 

Mindre gatudamm - renare luft, 2012, p.3) Even brief exposure to street dust for a healthy 

person can cause disorders such as nasal discharge, coughing, itching and burning in the 

throat and eyes. (Redust, Mindre gatudamm - renare luft, 2012, p.6) It is not absolutely clear 

what make the particles unhealthy, but a lot of research are being made corresponding both 

properties of the particles and their sizes. (Statens väg- och transportforskningsinstitut, 

Vägdamm, p.6)  

However, some particles seem to work as conveyors of other substances that are more 

insalubrious than the carriers itself, such as polyaromatic hydrocarbons (PAH). These 

substances are being found in vehicle exhaust and are unhealthy to inhale if they bind to 

other particles. As it looks today, toxicological studies can not deduce that the levels that 

effect the general population have the same effect in in laboratory environment, which 

complicates studies. (Statens väg- och transportforskningsinstitut, Vägdamm, p.5)  

Measurements that the City of Stockholm have made (when dry road surfaces) have shown 

that when studded tire rate drops by 10 percentage points, about 10 μg/m3 lower PM10 

levels in the air is obtained. (Trafikverket, Partiklar i stadsmiljö – källor, halter och olika 

åtgärders effekt på halterna mätt som PM10, 2004) Similarly, an escalation of PM2.5-10 

levels with 10μg/m3 would increase the mortality in Stockholm with 1.69 percent over a 6 

month period. (Sveriges Riksdag, Dubbdäck och PM10-halter, 2013)   
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6.4. The flow 

From these background facts flows could be mapped. Beneath are schematic pictures of how 

the flow moves within the city, both for snow and dust separated, and how they interact.   

 Snow 

Figure 8 shows how the flow of snow circulate and recirculate in the city of Stockholm. 

Initially, snow and rain comes from evaporated groundwater. After the snow has fallen down 

and landed on the ground it is being plowed away to improve the accessibility in the city. 

Some of the snow end up at snow embankment next to the roads and streets only to melt 

naturally. Thereafter the melted snow goes either via urban runoff or wells. If it goes the 

urban runoff way, the same way as rainwater, it is either being absorbed by the ground or by 

plats. The former leads the melted snow to the ground water and the latter will be 

evaporated via photosynthesis. Some of the snow are being driven away to specific landfills. 

After is has melted it could end up in wells and then being cleaned in a purification facility to 

eventually be evaporated via the surface water. Or it could melt and go via the urban runoff. 

The snow that Stockholm is allowed to dump in lakes obviously go straight back to the 

surface water. However, the waste that the snow might contain do not evaporate but stay in 

the bottom of the lake as segment.  

 

  Figure 8. The flow of snow in Stockholm. (Photo: Jennifer Palén, 2014) 
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 Dust 

Figure 9 shows how the flow of dust circulate and recirculate in the city of Stockholm. The 

two biggest reason why street dust occur are studded tires and deicing. These are not 

represented in the map below, but in figure 10, to show how snow and dust are connected. 

The diagram beneath demonstrates where the dust go initially; it either stays on the ground, 

swirls up or end up in the snow (if winter) (See green in figure 9). If it is being caught in the 

snow it might finish up in the lakes (melted snow where the water ends up in purification 

facilities also occurs but in much lesser extent). The dust only stay in and beneath the snow 

if there is a lot of snow. As soon as the studded tires reach the tarmac particles are torn up, 

and when the ground is waterless they swirl up in the air. (Stockholm stad, Bortforsling av 

snö, 2013) 

If the dust swirls up in the air there are generally three places to end. If there are any lake or 

sea close to a high-trafficked street the dust could go straight into the water (see yellow). 

This ultimately remains in the lake. Regarding the particles that remain in the air and inhaled 

by humans, the damage are very varying depending on state of health (See Effects on 

humans page 18). In brief, particles bigger than PM10 will remain in the upper respiratory 

while the smaller particles penetrate deeper into the lungs. Ultrafine particles take longer 

time to purge since the time of elimination depend on the particle size and particle 

concentration.  

Finally, the street dust can be absorbed by plants. Studies shows that vegetation can lower 

the particle concentrations significantly. However, a lot of things make the subject complex. 

The leaves morphology, particle concentration, wind speed, meteorological aspects, the 

design of planting and particle size are examples. Particles that are not absorbed by leaves, 

i.e. those who land on branches or bark surface, resuspend into the air or land on the 

ground. (Sveriges lantbruksuniversitet, Vegetation som luftfilter i urban miljö, 2011, p.3)  

 

Figure 9. The flow of dust 

in Stockholm. (Photo: 

Jennifer Palén, 2014) 
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 Cooperation 

Below is a picture of how the flow of the two biggest parts in cleaning of streets interact. The 

two recent maps are linked. (Figure 10) Street dust are mainly caused by studded tires and 

deicing which are operations caused by heavy snowfall. Removal and handling of snow 

becomes a problem since it contains a lot of street dust and deicing. Old deicing are being 

used again.  

 

 

 

 

 

 

 

  

Figure 10. The flow of snow and dust in Stockholm. (Photo: Jennifer Palén, 2014) 
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7. Discussion 
Removal of snow is very important for every big city in terms of mobility for the society’s all 

vital elements, such as healthcare workers, public traffic etc. Controls have been made 

concerning dumping in lakes and if it is a necessary action. Since Stockholm city is short on 

empty, big areas and since these areas already are used to their peak the alternative would 

be to drive the snow to the outer city. Calculations have shown that this would imply bigger 

environmental load than dumping. This would also result in more noise. It would 

correspondingly be harder to maintain traffic flow since it would take longer time to run 

away snow at very high snowfall, which is the biggest reason why snow handling occurs 

whatsoever in a big city. (Stockholm stad, Bortforsling av snö, 2013)  

A lot of studies have been made concerning studded tires and friction tires in relation to 

traffic accidents. The interpretation of statistics is complicated and are difficult to analyze. 

Differences in weather between compared winters, preparation, quality of tires and the type 

of accident that are being studied complicate the research. Furthermore, there are many 

positive qualities with friction tires. For instance, they are possible to install late autumn and 

disassembled later summer which would increase the driving safety, since the temperature 

can switch rapidly during spring. They are also environmentally defendable, as they have a 

low tire noise and rolling resistance reducing the fuel consumption. (Nokian tyres, Frågor och 

svar om gatudamm)  In other words, the particle concentrations in the air would decrease if 

prohibiting studded tires and only permit friction tires. But would the accident rates be 

equally positive? When tested total ban of studded tires in countries with winter conditions 

it was concluded that a certain proportion of studded tires is to prefer since studded tires 

roughen the road surface, increasing the friction. In which amount studded tires are ideal is 

not yet clear, only that a total prohibition is not optional either. There are also theories that 

say that people driving with friction tires tend to drive more carefully, thus, a security 

compensation in terms of behavioral change. It is something that can be factored into 

decision. (Statens väg- och transportforskningsinstitut, Vägdamm, p.3) Moreover, finish VTT 

made a study (2008) that showed that the weight of the studs are one of the most important 

factors that affect the road wear. It turned out that by dropping the stud weight by one third 

the road wear was reduced with over 70 percent. (Nokian tyres, Frågor och svar om 

gatdamm) Stockholm city would benefit from examining this. Besides choosing friction tires 

citizens can of course act green by using public transport (or driving fuel efficient).  

In Finland studies have been made that shows that it is not only winter sanding itself that 

contributes to dust, but the sand also tear on the asphalt, forming a sandpaper effect. 

Therefore the choice of quality and composition of the aggregate in the sand and pavement 

are very important. Too fine sand should also be avoided. Investigations correspondingly 

indicate that both the choice of tire and choice of coating- and sand quality is very important 

for how much respirable dust created by wear. Tested asphalt concrete with granite forms 

more PM10 than skeletal concrete with quartzite, for instance. Another example is 

unwashed natural sand, which create more dust than washed crusher, since it contain much 

more fine particles that swirls up easier. (Statens väg- och transportforskningsinstitut, 

Vägdamm, p.13) 
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According to Stockholm and Uppsala Air Quality Management Association the most 

important operations to reduce emissions of air pollutants and meet environmental quality 

standards comprises road transport. The problems we have regarding high particle levels are 

an effect of our cold climate and what we do from this to upturn a good accessibility. This 

realization is based on later years of experience and is very true. But there are other 

activities that can lower the emissions of air pollutants. 

7.1. Further studies 

 Dust 

In the current situation, awareness of particles in the air is inadequate. It is a relatively new 

area which would need to be examined over a longer period of time to obtain better 

precision on risk evaluations, and particle effects. Which exact chemical ingredients of PM10 

that cause health problems are still not identified. One would need to distinguish which 

particles that damage in which situations when calculating on harmful effects, within the 

range of PM10-2.5. “PM10” for instance, say incredibly little about the properties of the 

particle. To design better measuring methods describing these properties combined with the 

PM-measurements, the operations concerning improvement and development would be 

much easier and more precise. (Statens väg- och transportforskningsinstitut, Vägdamm) 

The result above addresses that plants can reduce particle levels in the air. In fact, it can 

reduce the particle concentrations between 15 and 50 percent. Therefor it could be a good 

idea to use trees as noise barrier next to highly trafficked roads. The particles are absorbed 

by the leaves or the fir needle. As mentioned in background Stockholm do have over 12 000 

trees planted next to street environment. However, different types of vegetation have 

different kinds of opportunities to take up air pollution and it would therefore be a good 

idea to investigate whether Stockholm is using the optimum type of plants. Leaf surfaces 

that are hairy and sticky have a high ability to capture particles as well as a high capacity to 

retain them, but generally softwood have better filtering capabilities than leaves. On the 

other hand, some plants are a source of particle production through its pollination. These 

particles, though, are too big to be quantified as streets dust (see page 13).  

Pine has been calculated to be the tree that has the greatest potential in taking up particles. 

This is thanks to the fir needles sticky surface and the trees filtering properties throughout 

the year. But to put pines along a highly trafficked road would partly hide the winter sun and 

also be a traffic danger, so it would not be an optimal action for the city of Stockholm. Some 

scientists mean that 1 m2 of green roof can absorb all the particles generated from a car 

from 10.000 miles of driving spread over a year, which is somewhat astonishing. (Sveriges 

lantbruksuniversitet, Vegetation som luftfilter i urban miljö, 2011, p.3) This is probably 

measured in a laboratory and is presumably in excess, but says something about the 

possibilities for Stockholm city and vegetation. Stockholm is certainly a city with lots of green 

areas and is known of offering both water and vegetation, but it might be a good idea to 

plant trees in this way and not just in parks, in order to reduce the particle concentrations in 

the air.  
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 Snow 

A big part of the result refers to the issues in removal of snow. Land and water are the places 

that we can choose from to put the snow. It is clear that something has to be done to solve 

the trafficability in the city, whilst there are few empty spaces to exploit and the sea might 

be damaged. It may therefore be sensible to see whether the snow can be used as a 

resource to improve the efficiency of the sacrificial storage.  

Sweden has a cooling overflow during winter and a cooling deficit throughout summer, 

therefore Västernorrland County Council is taking care of the snow’s refrigeration to save 

energy. The fact is that the hospital in Sundsvall is using a snow dump as a cooling unit. 

(Narurvårdsverket, Snötipp blir kylanläggning I Sundsvall, 2011) Entire 90 percent of the 

hospital’s frigidity comes from the snow dump, but unfortunately almost 60 percent of this is 

artificial snow that comes from snow cannons. The facility more or less breaks even 

financially (or with very little profit) but is very positive from an environmental perspective. 

Partly because it has very low environmental impact but also because it has positive effects 

on the snow management where it is capable at cleaning 30 000 m3 contaminated street 

snow. (Umeå universitet, Snökyla, 2010) The electricity consumption for cooling is 90 

percent lower than it would be with conventional cooling machines, which results in a 

reduction in carbon dioxide emissions of 290 tons per year. (Naturvårdsverket, Snötipp blir 

kylanläggning i Sundsvall, 2011) The biggest problem for Stockholm according cooling units is 

the lack of space. There is already a shortage of housing and most space are utilized to its 

peak. Some even say that snow dumps can prevent the growth of Stockholm. But in either 

way, it would be a good idea for Stockholm to review the technology and the possibilities. 

Otherwise, the city will have problems if the dispensation to dump snow in the lake no 

longer is offered.  

There are other opportunities to get rid of the snow rather than dumping it straight into the 

lakes. In Oslo the Swedish construction company NCC have developed a unique snow 

melting machine which is able to digest and clean huge amounts of snow in the middle of 

the winter. The process uses the heat in the lake water to melt the snow that comes from 

the whole municipality of Oslo. As long as the water has a temperature of four degrees 

above zero, the facility has a capacity of melting 500 cubic meters of snow per hour. At a 

period this winter when the temperature was 8 degrees the facility melted entire 700-800 

cubic meter of snow per hour. The process starts with mechanical treatment by smashing 

the snow with a slung to slush. After that, the snow goes through different filters to separate 

the snow from impurities. NCC investigated if the snow affects the lake by cooling it too 

much but the result showed that 10 meters down only had a difference of degree in 0.2 

Celsius. Using this technique, Stockholm would no longer need to dump contaminated snow 

in Saltsjön or Mälaren making groundwater, sea beds and air cleaner. Since the biggest issue 

with snow handling is storage areas this would be an excellent solution for Stockholm. The 

large and dirty piles of snow could be driven away and the snow landfills could be used to 

something better. Last year the facility took care of 1,000 tonnes of gravel and silt, a table, 

two pairs of mini skis and keys, as well as several mobile phones and credit cards. All these 
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things would otherwise have ended up in the sea. Research is being made whether Sweden 

should investigate in the facility. (Unsgård, 2014)  

Other complications regarding dumping of snow in lakes is that it is rather difficult to get 

good data. There are many factors that may vary and samples are being made on both snow 

embankments and lakes after dumping. Sometimes the melted snow is really dark and 

muddy and sometimes it is clear. It also depends on the temperature since the 

concentration on the snow pile will increase if the pile is shrinking. If it rains, though, the 

concentrations will decrease. Furthermore, one cannot know when or how much it will snow 

which complicates things. 

The measurements are a major defective factor in cleaning of streets, both when it comes to 

street dust and snow management. If the city initially examines the opportunities in 

improving these measurement methods and thereafter investigate alternative tools and 

actions, it would not have to spend as much money on investigating the environmental 

impacts of street snow and street dust. Obviously, the impacts would decrease as well. 

A lot of my sources are from the Stockholm Stad webpage and I consider them as believable 

since they are public information. Also, sources not trustworthy would not be used at all. 

Perhaps the literature found at the library is the most credible. Some articles posted by 

Dagens Nyheter and Sveriges television might not be scientific but if you look at what they 

relate to, you can still view the information as most likely true. In general, there are a lot of 

references from the internet, which could be criticized, but since this investigation is based 

on the city of Stockholms structure, it was the safest way to find the latest updated 

information.  

8. Conclusion 
Primarily the city of Stockholm behaves reasonably well in an environmental aspect. The two 

main flows, when it comes to cleaning of streets, are processed with contemplation. Periodic 

samples are being made on the content of the snow to assure that the contamination is 

sufficiently small. The deicing being used is also reused the upcoming winter by preserving 

the swept up dust, in order to minimize the consumption. The city use sealers to prevent 

dust, as well as the one with the lowest environmental impact are being selected, which is 

good (CMA, see page 17). The environmental quality standards have resulted in a reduction 

of hazardous particles in the air, but all goals are not yet reached. (Naturvårdsverket, Har 

miljökvalitetsnormer förbättrat utomhusluften, 2008) 

Sweden is a country with winter roads which makes it necessary for us to use winter tires for 

traffic safety. This is one out of two big matters causing street dust. Further investigations 

concerning friction tires and studded tires should be made to find the optimal usage of these 

two. Additionally, the NCC melting facility would be a good solution in the environmental 

discussion regarding tipping in lakes. In order to decrease the dust concentrations in the air 

Stockholm could review the opportunities to plant more trees next to highly trafficked roads. 

Stockholm city would initiate the improvement of streets cleaning by examining these two 

areas. 
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