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SummarySummary (in (in swedishswedish))
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ConceptualConceptual modelmodel ofof
nonnon--exhaustexhaust PM emissions from roadsPM emissions from roads

DEPOT:
Size depends on
-Suspension by 

vehicles and wind
Wet/dry

- Rain (run-off)
- Slope of road
affects run-off

dry

Wet

ROAD WEAR:
Type of Tyre (studded)

Road material (soft/hard stone)
Road condition (wet/dry, season)

Vehicle speed
…

w
e
t

Dry

Direct emissions

w
e
t

Dry

Indirect emissions

Vehicle speed
and size

OTHER Sources
Sand, salt

Deposition
Brake material
Tyre material

dry

Wet



ConceptualConceptual modelmodel::
DynamicDynamic behaviourbehaviour

Depot

Direct emission

Indirect emissions
from depot

Time

Wet Dry

Total emission

Start of 
Wet period

Start of 
dry period



PM10 in Stockholm PM10 in Stockholm exceedsexceeds
directivedirective on on manymany roadsroads

Varför, vad ska vi göra?

www.slb.nu/lvf



MonthlyMonthly averageaverage PM10 PM10 levelslevels
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Total PM emissions in StockholmTotal PM emissions in Stockholm

Power plants
10%

Remaining 
(wood burning, 

working machines) 
14%

Traffic exhaust
6%

Traffic non-exhaust
70%



Slitage av 
vägbana, 

uppvirvling
87%

Däck
2%

Bromsar
3%

Avgaser
8%

Road Road traffictraffic emissions in Stockholmemissions in Stockholm

Breakes

3%

Tyres
2%

Exhaust
8%

Road wear and 
resuspension

87%

EVA
model

Constant
Emission 
factors

Short term: Annual average:
PM10 Mean EF based on
non-exhaust model meas. PM10/NOx
(Omstedt et al)+detailed ratio+climatology
meteor. data etc



Measuring sites in StockholmMeasuring sites in Stockholm
Sveavägen

- 30 000 vehicles/day
- 4 lanes
- 30 m wide
- started 2002

Norrlandsgatan
- 10 000 vehicles/day 
- 2 lanes  
- 15 m wide
- started 2002

Hornsgatan
- 40 000 vehicles/day
- 4 lanes
- 24 m wide
- started 1999
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Total Total 
PM10 PM10 

&PM2.5&PM2.5
emission emission 

factorfactor

HORNSGATAN

40 000 veh/day



Norrlandsgatan                 SveavNorrlandsgatan                 Sveaväägengen

PM10, NOx
Temperature, rel hum
Road moisture
Web-camera, traffic

PM10, PM2.5                        
Metals (fine, coarse)
NOx, CO



Road tunnel 
study 1998/99

30-40 000
Veh/day

900 m

100 m

Kristensson et al., 2003

PM10, PM2.5, NOx
Traffic number +speed
Particle size distribution
Ventilation rate



Road Road moisturemoisture

AffectsAffects
--hourlyhourly and and dailydaily variations of emissionsvariations of emissions
-- road road wearwear
-- sizesize of the of the depotdepot



PM10 & road moisturePM10 & road moisture
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VeryVery lowlow relative relative humidityhumidity to to drydry for salt to for salt to absorbabsorb
humidityhumidity,, preceededpreceeded by by wetwet periodperiod
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Road Road moisturemoisture & & numbernumber concconc..
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StuddedStudded tyrestyres

--Single most important factor for the generally high Single most important factor for the generally high 
PM10 levels in Stockholm regionPM10 levels in Stockholm region
-- Increases road wear drastically (both wet and dry)Increases road wear drastically (both wet and dry)



Use of studded Use of studded tyrestyres in Swedenin Sweden



MonthlyMonthly averageaverage PM10 PM10 levelslevels
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Fraction studded tires

- Winter tyres must be used from Dec 1 until March 31 i Sweden
- Above 70 % during Dec-Feb



PM10 and share of studded PM10 and share of studded tyrestyres

AUTUMN SPRING

Johansson et al., 2004



PM10 and PM10 and studdedstudded tirestires OctOct --DecDec 20032003

y = 104.23x + 19.23
R2 = 0.67

y = 109.08x + 12.97
R2 = 0.73
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~10µg/m3 increase in the weekly PM10 levels for a 10 % increase 
in the fraction of studded tires

Johansson et al., 2004



PM10 & studded tyres in OsloPM10 & studded tyres in Oslo

PM10 winter half year mean values in Oslo

0

10

20

30

40

50

60

70

80

90

19
92

/9
3

19
93

/9
4

19
94

/9
5

19
95

/9
6

19
96

/9
7

19
97

/9
8

19
98

/9
9

19
99

/0
0

20
00

/0
1

20
01

/0
2

PM
10

 (µ
g/

m
3)

PM10, mean Kirkeveien, street

PM10, mean Nordahl Brun, urban background

Percentage studded tyres

Steinar Larssen, NILU



RoughRough estimateestimate of of effecteffect
of of reducingreducing studdedstudded to to 

35 % 35 % 

>50µg/m3 for the 36th day
Former red street



VehicleVehicle speedspeed

Higher speed may increaseHigher speed may increase
-- Road wear (especially if studded Road wear (especially if studded tyrestyres))
-- Suspension of PM, but it depletes the depotSuspension of PM, but it depletes the depot
-- Ventilation (dilution)Ventilation (dilution)
-- Rate of evaporation from roadsRate of evaporation from roads



EffectEffect of of vehiclevehicle speedspeed
Type of 
measurement 

Share 
studded 
tyre 

Change 
in speed 
Km/h 

Road 
condition 

Change in PM10 Reference 

Lab. road 
test facility 

100% 30 to 50 Dry, no 
sand, 
quartsite 

Increase by 
factor 3.6 

Gustafsson 
et al., 2005 

Lab. road 
test facility 

100% 50 to 70 Dry, no 
sand, 
quartsite 

Increase by 
factor 1.3 

Gustafsson 
et al., 2005 

Road tunnel 
Stockholm 

Ca 
70% 

72 to 82 Dry mainly, 
no sand 
Quartsite 

Increase by 
factor 2 

Johansson 
et al., 2001; 
Kristensson 
et al., 2004 

Main road 
ambient 
Oslo 

24% 77 to 67 Variabel Decrease with 
35% 

Hagen et al., 
2005 

 
Lower speed gives less PM2.5!



y = 0,001x2,06

R2 = 0,9576
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Vehicle speed (km/h)

Increase (30 km/h = 1)

Bringfelt et al., 1996
A*(Speed/110)^2

NonNon--linear dependence linear dependence 
of emission on speedof emission on speed

Tunnel study
72-82 => x2

Road in lab
50-70 => x1.3

Road in lab
30-50 => x3.6



WindWind speedspeed

-- Increases ventilation/dilutionIncreases ventilation/dilution
-- May increase suspension of PMMay increase suspension of PM
-- Increases rate of evaporationIncreases rate of evaporation
-- Increases deposition of PMIncreases deposition of PM



PM coarse (PM10PM coarse (PM10--2.5) 2.5) HornsgatanHornsgatan, , 
only dry roadsonly dry roads

 

0

5

10

15

20

25

30

0 2 4 6 8 10 12

Vindhastighet m/s

PM
co

ar
se

 u
g/

m
3

0

100

200

300

400

500

N
O

x u
g/

m
3

PMcoarse
NOx



Coarse/Coarse/NOxNOx vs. wind speedvs. wind speed
for dry conditions (for dry conditions (HornsgatanHornsgatan) ) 

y = 0,0522x + 0,8018
R2 = 0,5542
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Flux of 2Flux of 2--3 um PM3 um PM
NemitzNemitz et al., 2000et al., 2000



Measures to reduce PM10 levelsMeasures to reduce PM10 levels

Congestion charging Congestion charging 

Less use of studded Less use of studded tyrestyres
Application of dust binding materialApplication of dust binding material

Intense sweeping of the road surfaceIntense sweeping of the road surface
Intense washing of the road surfaceIntense washing of the road surface



CMACMA
CalciumCalcium magnesium magnesium AcetateAcetate

-- Binds road dust, keeps road moistBinds road dust, keeps road moist
-- Reduces PM10 emissions and levels during dry Reduces PM10 emissions and levels during dry 
conditionsconditions
-- Increases road wear?Increases road wear?
-- More environmentally friendly, less corrosive More environmentally friendly, less corrosive 
compared to compared to NaClNaCl, CaCl2, MgCl2, CaCl2, MgCl2



WashingWashing of of vergeverge of of 
highhigh--wayway

-- Reduces Reduces suspension of suspension of accumulatedaccumulated
PM PM 



CMA (Calcium Magnesium Acetat, IceCMA (Calcium Magnesium Acetat, Ice--away), away), 
25% water solution, 40 g/m25% water solution, 40 g/m22

3/4 of the carriageway at the Highway3/4 of the carriageway at the Highway
21 occasions 2004, 9 occasions 200521 occasions 2004, 9 occasions 2005

CMA as dust binding materialCMA as dust binding material



Measuring site along Measuring site along 
a highway north of a highway north of 

Stockholm, 2004Stockholm, 2004

- 4 lane 
- No exists
- 60 000 vehicles/day
- No major sources in the surroundings

N
Station 

N

Station 
E

Station 
S

- Stretch S: untreated
- Stretch E: washed
- Stretch N: CMA treated

1 km

1 km



MeasuringMeasuring stations stations alongalong the the highwayhighway



CMA on the CMA on the highwayhighway



Highway without treatmentHighway without treatment
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HighwayHighway after after treatmenttreatment
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Average daily reductionAverage daily reduction
6 % with high pressure washing 6 % with high pressure washing 
35 % with CMA application35 % with CMA application

WashingWashing and CMA and CMA treatmenttreatment
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Days >50Days >50µµg/mg/m33 (of 21)(of 21)
Untreated:Untreated: 1212

Washed:Washed: 1010

CMA treated:CMA treated: 33



CMA in Stockholm cityCMA in Stockholm city

 10/3 19/3 22/3 
23/3 27/3 31/3 6/4 12/4 18/4 26/4 



ResuspensionResuspension of dust from the vergeof dust from the verge

Measurements with portable Measurements with portable DustTrakDustTrak along the along the 
highway highway 
Two carsTwo cars

Both driving in the verge with 20Both driving in the verge with 20--30m distance30m distance
Measurements in the second carMeasurements in the second car

Comparing with the 3 permanent stationsComparing with the 3 permanent stations



ResuspensionResuspension of road dustof road dust

The resuspended dust material from the verge have only small 
effects on the PM10 levels next to the road during normal traffic
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AssessmentAssessment of of measuresmeasures

A reduction of A reduction of 1010 %% in the fraction of studded tires caused in the fraction of studded tires caused 
a decrease of around a decrease of around 1010 µµg/mg/m33 as weekly averageas weekly average
Application of CMA caused an average daily reduction of Application of CMA caused an average daily reduction of 
3535 %% on the PM10 levels along the highwayon the PM10 levels along the highway
ResuspensionResuspension of dust material from the verge has only of dust material from the verge has only 
small influence on the PM10 levels next to the roadsmall influence on the PM10 levels next to the road
High pressure washing caused an average daily reduction byHigh pressure washing caused an average daily reduction by
66 %% of the PM10 levels along the highwayof the PM10 levels along the highway
No observed effect by intense sweepingNo observed effect by intense sweeping



Most effective measuresMost effective measures

Long term effect!Long term effect!
Reduce the fraction of studded tires to 40 % Reduce the fraction of studded tires to 40 % 
(today 75(today 75--80%)80%)

Short term effect!Short term effect!
Application of CMAApplication of CMA



Ongoing PM10 projectsOngoing PM10 projects

Mobile PM10 emissions (road wear)Mobile PM10 emissions (road wear)
MgClMgCl22 as as dustbindingdustbinding material on the highwaymaterial on the highway
More extensive use of CMA in Stockholm 2006More extensive use of CMA in Stockholm 2006
Brake & Brake & TyreTyre & other sources of PM& other sources of PM

NanoparticlesNanoparticles from from tyrestyres
Source receptor Source receptor modellingmodelling based on metals + PAHbased on metals + PAH

Validation of PM10 nonValidation of PM10 non--exhaust emissions exhaust emissions 
modelmodel



The EndThe End



FutureFuture test?test?

ReducedReduced sandingsanding
Different Different sandingsanding materialmaterial
Different Different pavementpavement
ReducedReduced speedspeed



CMA CMA applicationapplication at Norrlandsgatanat Norrlandsgatan
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Bidrag till PM10 pBidrag till PM10 påå Hornsgatan (2004)Hornsgatan (2004)

0%

20%

40%

60%

80%

100%

mars April maj sept 2004

Gata, slitage
Gata, avgas
Lokalt UB
Bakgrund



Annual average PM10 levelsAnnual average PM10 levels

EU standards 
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Intense sweeping at Intense sweeping at NorrlandsgatanNorrlandsgatan spring 2003spring 2003

No statistical significant reduction in the PM10 levels

Norrlandsgatan 41 days > 50µg/m3

Sveavägen 47 days > 50µg/m3

46 days > 50µg/m3

49 days > 50µg/m3
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Frequent sweeping Frequent sweeping 

0

50

100

150

200

250

300

februari mars april maj juni

Norrlandsgatan
Sveavägen

2002

0

50

100

150

200

250

300

januari februari mars april maj juni

Norrlandsgatan
Sveavägen

2003 46 d > 50
49 d > 50

41 d > 50
47 d > 50



“Emma” Mobile PM monitoring
Centre (traffic)
Forsdala (wood burning)
Södermalm (wood burning)

Particle size resolved measurements 
(UCPC + CPC + DMA + OPC)
+Sot


