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Materialegenskaper
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= Motstandskraft

« Ytstruktur

= Alder

= Etc.

Dubbdé&cksanvéndning
= Andel

« Genomsnittlig
dubbvikt

= Antal dubbar/déck

Trafikdata

« Trafikmangd
(massa?)

« Sammansattning
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Meteorologi
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« Struktur
« Textur
}
Trafikdata Meteorologi
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Trafikdata

= Trafikmangd
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Meteorologi

= Vind
= Turbulens
= Fukt
= Nederbord

Gustafsson., 2003
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Conceptual model of
non-exhaust PM emissions from roads

Indirect emissions

P N

Vehicle speed T
and size

\_,/_—

DEPOT: |

ROAD WEAR: Size depends on |

Type of Tyre (studded) “Suspension by OTHER Sources
Road material (soft/hard stone) vehicles and wind Sand. salt

Road condition (wet/dry, season) Wet/dry
Vehicle speed - Rain (run-off)

- Slope of road .
affects run-off Tyre material

Deposition
Brake material




Conceptual model:
Dynamic behaviour

Direct emission

Start of
Wet period

Start of
dry period

Total emission

Indirect emissions

from depot
Time




PM10 in Stockholm exceeds
directive on many roads

Miljokvalitetsnormer
for inandningsbara
partiklar, PM10 (<10 pm)

Frin 2001 giller nya svenska mljé-
lkvalitetsnormer for inandningsbara
partiklar, PM10. Normema omfattar
dygnsmedelvirden och arsmedel-
virde och skall klaras fran och

med 20035.

Far PM10 blir dygnsviirdet svirast
att klara. Medelvirdet under det 36:e
virsta dygnet fir inte vara hdgre
dn 50 pg/m3.

Kartan visar beriknad PM10-halt
for 36:e virsta dygnet 2002 enhgt

r l U/IVf foljande firgskala:
[
‘ ==== Tunmel (100-500pgm3)
=50 pg/m3
s -T \ 39 - 50 pg/m3
7 -39 pe/m3
227 pgim3

laknwé}
\ Halterna har berfiknats tva meter dver

markniva. Om markerad gatustricka

har slutet gaturum har halterna be-
riknats tva meter dver gangbana
{innerstadsbebyggelse). Vid dvrig
bebyggelse avser fairgmarkeringer
berdknade halter 10 till 20 meter
frin vigen.

Uppmiitta PM10-halter for 2002

har m: rats med.sif rdrden.

arke
Varfor, vad ska vi goraLbc
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Total PM emissions in Stockholm

Remaining
(wood burning,
working machines)
Power plants 14%
10%

y

Traffic exhaust —
6%

~

Traffic non-exhaust
70%




Road traffic emissions in Stockholm

Exhaust Breakes
0}
8% 3%

Tyres
A

Constant
Emission

factors

Road wear and Short term: Annnal average:

. PM10 Mean EF based on
resus p ension non-exhaust model meas. PM10/NOx

87% (Omstedt et al)+detailed ratio+climatology
meteor. data etc




Measuring sites in Stockholm

Sveavagen
- 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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Norrlandsgatan Sveavigen

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

Temperature, rel hum
Road moisture
Web-camera, traffic




Kristensson et al., 2003

Road tunnel
study 1998/99

PM10, PM2.5, NOx |
§ Traftic number +speed
{1| Particle size distribution B

‘-TA._A:1,A:A._ P ':!‘1--




Road moisture

Affects

hourly and daily variations of emissions
- road wear
- size of the depot




PM10 & road moisture

I/

— Sveavagen
— Norrlandsg
— Fukt_vag

Johansson et al., 2004



Very low relative humidity to dry for salt to absorb

humidity, preceeded by wet period

RH roof

== PM10 Hornsg

— PM10 Sveav

— PM10 Norrlandsg
Rel fukt Torkel

— Rel fukt Norrl

23 feb 25 feb 27 feb
Johansson et al., 2004
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Road moisture PM10 and NOx
Monthly means

B Hornsgatan Dry

O Hornsgatan Wet

PM10 pg/m?®
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Road moisture & number conc.

O Hornsgatan Dry

@ Hornsgatan Wet

o I f}iﬁ & B
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Studded tyres

Single most important factor for the generally high
PM10 levels in Stockholm region

- Increases road wear drastically (both wet and dry)




Use of studded tyres in Sweden

Dubbandel (%)

Skane Vast Sydost Stock holm Malardalen Mord

igur 13. Andel av personbilarna i olika delar av Sverige som hade dubbdack i februari 2002.
illa Dackbranschens informationsrad, Pontus Granvall, Slottsgatan 8, Varberg.




Monthly average PM10 levels
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- Winter tyres must be used from Dec 1 until March 31 i Sweden
- Above 70 % during Dec-Feb




PM10 and share of studded tyres
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Figur 14. Veckomedelvérden for PM10 pa tre innerstads gator i St 15, veckomedel fér PM10 p& tre innerstads gator i Stockholm samt

procentandel dubbdéack under hosten 2003. De vertikala linjerna \centandel dubbdick under varen 2004. De vertikala linjerna motsvarar
standardavvikelsen for Hornsgatan. ndardavvikelsen fér Hornsgatan.

Johansson et al., 2004



PM10 and studded tires Oct -Dec 2003

200
o ® Norrlandsgatan y = 109.08x + 12.97| |y = 114.39x + 10.76
C\Ej) ® Sveavagen R®°=0.73 R2=0.72
=150 ® Hornsgatan
o
. — Linear Hornsgatan y =104.23x + 19.23
= : 2 _
o — Linear Norrlandsgatan R*=0.67 I
0100 — Linear Sveavagen ®
@
o
S
> 0
< 50 1
O
: :
=
0 I I I I I I
0% 10% 20% 30% 40% 50% 60% 70%

% Fraction of studded tires on light duty vehicles

~10pg/m? increase in the weekly PM10 levels for a 10 % increase

in the fraction of studded tires
Johansson et al., 2004
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PM10 & studded tyres in Oslo
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PM10 winter half year mean values in Oslo

\ I PM10, mean Kirkeveien, street
/\ B PM10, mean Nordahl Brun, urban background

- Percentage studded tyres

Ilmﬁm

Steinar Larssen, NILU



Rough estimate of effect

of reducing studded to > \
35 %
2
N (4
N =5 X
%}\:\ ;
AN US|
/ . \ L /Y }
- /L"' s \\ \ : \ ] %
! ‘ :\"‘ .
: = >50Lg/m3 for the 36th day
(/ \ Former red street

1 2 3 4 5 Kilometer




Vehicle speed

Higher speed may increase

- Road wear (especially if studded tyres)

- Suspension of PM, but it depletes the depot
- Ventilation (dilution)

- Rate of evaporation from roads




Effect of vehicle speed

Type of Share Change Road Change in PM10 Reference
measurement studded inspeed condition
tyre Km/h

Lab. road 100% 30to50 Dry, no Increase by Gustafsson

test facility sand, factor 3.6 et al., 2005
quartsite

Lab. road 100% 50to70 Dry, no Increase by Gustafsson

test facility sand, factor 1.3 et al., 2005
quartsite

Road tunnel Ca 721082 Dry mainly, Increase by Johansson

Stockholm  70% no sand factor 2 etal., 2001;
Quartsite Kristensson

et al., 2004

Mainroad 24%  77to67 Variabel Decrease with  Hagen et al.,

ambient 35% 2005

Oslo

Lower speed gives less PM2.5!




Non-linear dependence
of emission on speed

| Increase (30 km/h = 1) Tunnel study
72-82 => x2 Y = 0,00
R*=0,9576

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

Road in lab
30-50 => x3.6 Road in lab

50-70 =>x1.3

Vehicle speed (km/h)

T T

80




Wind speed

- Increases ventilation /dilution

- May increase suspension of PM
- Increases rate of evaporation

- Increases deposition of PM



PM coarse (PM10-2.5) Hornsgatan,
only dry roads
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Coarse/NOx vs. wind speed
for dry conditions (Hornsgatan)

Ratio PM(10-2.5)/Nox (g/9)

Wind speed 20 m (m/s)

y = 0,0522x + 0,8018
R? =0,5542

8 10

12




Flux of 2-3 um PM
Nemitz et al., 2000
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Measures to reduce PM10 levels

m Congestion charging

m [ ess use of studded tyres
m Application of dust binding material

m [ntense sweeping of the road surface

m [ntense washing of the road surface




CMA

Calcium magnesium Acetate

- Binds road dust, keeps road moist

- Reduces PM10 emissions and levels during dry
conditions

- Increases road wear?
- More environmentally friendly, less corrosive

compared to NaCl, CaCl2, MgCl2




Washing of verge of

high-way

- Reduces suspension of accumulated

PM




CMA as dust binding material

m CMA (Calctum Magnesium Acetat, Ice-away),
25Y% watet solution, 40 ¢/m?

m 3/4 of the carriageway at the Highway

m 2] occasions 2004, 9 occasions 2005




Measuring site along

a highway north of
Stockholm, 2004

- 4 lane
- NO exists

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

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

e Station
N

.Station
E

® Station
S




Measuring stations along the highway




CMA on the highway

Ain




Highway without treatment
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Highway after treatment
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Washing and CMA treatment

& Washed/Untreated
B CMA/Untreated

04 T T I I I I I I
mar-27 mar-29 mar-31 apr-02 apr-04 apr-06 apr-08 apr-10 apr-12 apr-14 apr-16

® Days >50pg/m? (of 21)
m Untreated: 12
m Washed: 10
m CMA treated: 3

m Average daily reduction

= (6 % with high pressure washing
= 35 % with CMA application
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Resuspension of dust from the verge

m Measurements with portable DustTrak along the
highway
B Two cars
® Both driving in the verge with 20-30m distance

B Measurements in the second car

®m Comparing with the 3 permanent stations
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Resuspension of road dust

O DustTrak northbound 1
B DustTrak southbound 1
[0 DustTrak northbound 2
O DustTrak southbound 2
0 Permanent station

Untreated

E
1

——

Washed

CMA treated




Assessment of measures

A reduction of 10 % in the fraction of studded tires caused
a decrease of around 10 ug/m’ as weekly average

Application of CMA caused an average daily reduction of
35 % on the PM10 levels along the highway

Resuspension of dust material from the verge has only
small influence on the PM10 levels next to the road

High pressure washing caused an average daily reduction by
6 % of the PM10 levels along the highway

No observed etfect by intense sweeping




Most effective measures

m [ong term effect!

® Reduce the fraction of studded tires to 40 %
(today 75-80%0)

m Short term effect!
® Application of CMA




Ongoing PM10 projects

m Mobile PM10 emissions (road wear)

m MoCl, as dustbinding material on the highway
m More extensive use of CMA 1n Stockholm 2006
m Brake & Tyre & other sources of PM

= Nanoparticles from tyres

m Source receptor modelling based on metals + PAH

m Validation of PM10 non-exhaust emissions
model




The End




Future test?

m Reduced sanding
m Different sanding material

m Different pavement

m Reduced speed




CMA application at Norrlandsgatan

—o— Norrlandsgatan

- Sveavagen
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Average reduction in the daily PM10 averages of 10-20 %




Bidrag till PM10 pa Hornsgatan (2004)

100%

80% -

60%

B Gata, slitage
B Gata, avgas
H Lokalt UB
B Bakgrund

40% -

20% A

0% I I I
mars April maj sept 2004



Annual average PM10 levels
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Intense sweeping at Nortlandsgatan spring 2003

Daily PM10 ratio Norrlandsgatan/Sveavagen

eaned pavement
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=O—uncleaned pavement

28-feb-03 10-mar-03 20-mar-03 30-mar-03 09-apr-03 19-apr-03

Mar-Apr 2002 Mar-Apr 2003
Norrlandsgatan 41 days > 50ug/m3 j§§ 46 days > 50ug/m3
Sveavagen 47 days > 50ug/m® @ 49 days > 50ug/m?

No statistical significant reduction in the PM10 levels




Frequent sweeping

2002 — Norrlandsgatan 41 ¢ > 50
— Sveavagen 47 d > 50
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2003 — Norrlandsgatan 46 d > 50
n — Sveavagen 49 d > 50
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“Emma’” Mobile PM monitoring
Centre (traffic)

Forsdala (wood burning)

Sodermalm (wood burning)

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




