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MOTIVATION

» detailed monitoring of aerosol particle properties in urban and
suburban areas is a challenging task, since their concentration,
size, composition and sources vary strongly in time and space

* as a part of MMEA Programme (Measurement, Monitoring and
Environmental Assessment, 2010-2014), we have conducted field
campaigns in the poor air quality hot spot areas of the Helsinki
region (FMI, TUT, HSY)

+ city centre street canyons (Dec 2010), major roads (Oct-Nov 2012)

and densely populated small house areas with local wood burning
(Feb 2012)

» stationary and mobile online measurements, focus on particle
composition, size distribution and volatility

» the combined application of several methods enables us to obtain
a comprehensive view on aerosol properties and sources as well
as to test new measurement methods

MOBILE LABORATORY SNIFFER

* designed and built by
Metropolia in the Tekes funded
projects during 2002-2005
(Pirjola et al., 2004, 2006,
2009, 2010, 2012) L.

o teiert RESEARCH

« sampling above the front - SR logy

bumper at 0.7 m or above the
wind shield at 2.4 m altitude

* enables also measurements
of number and mass
concentrations of non-exhaust
particles behind the left rear
tyre




Instrumentation

- ELPI and EELPI (Electrical Low Pressure
Impactor), aerodynamic diameter 7 nm - 10 um,
12 stages,1s time resolution

«CPC (TSI),>2.5nm, 1s

* TEOM (Tapered Element Oscillating
Microbalance, Series 1400A), 10 s, PM1o, PM2,5

¢ 2 DustTraks (TSI), PM+w, PM2.s and PM1,1 s
» Gas analysers: CO, CO,, NO, NO,, NOx, 1 s
» Weather station (T, RH, ws, wd) at 2.9 m, GPS

* during measurement campaigns additional
instruments from the partners

« electricity: 5 kW for 5 h stationary
measurements, recharging while driving

TRAFFIC PARTICLES IN
STREET CANYONS




Mannerheimintie 22 0m 70 nm

SN - ey o
0%
e
<
5 5 10*
10 810t
2
2
B
10°
——Morning
o -==+Noon
i , | — Afternoon
IS 0. i z .
o 10 10 10
4 104 ~—~ Diameter Dp (nm)
-
S s
= 10
= ——Morning
===+Noon
10° — Afternoon
10° £
810"
3107
2
3
3
10°

Microenvironments

On 13-14 Dec, 2010, a special attention was given for the urban
microenvironments close to the high traffic density street

Hap datalg OpenSteethap (an) contribtors,CC-BY:58)

+ Building heights ~21 m => symmetric canyons
»  Street width ~ 45 m (M1), 38 m (M2), and 27 m (M3)




Challenges related to the measurements

» dynamic traffic situations spatially and temporally
=> fast time resolution of instruments => huge amount of data
 different environments and weather conditions (snow heaps)
=> needs many repetitions
« Air quality station vs. Sniffer
different sampling heights (4 m vs 2.4 m)
saving times of instruments (1 min vs 1 s)
different instruments: PM2.5 TEOM vs DustTrak (calibration)
2 EELPI's
BC (MAAP vs Aethalometer)
=> comparison of instruments by simultaneous measurements

 Sniffer: comparison of ELPI and EELPI (one before and the other after
the Thermodenuder), losses in TD, time delay in the sampling tubes

+ at start zeroing, time synchronising

 vibration of instruments => rubber legs

e b

Weather on 13-14 December 2010
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Temperature ~ -8°C
RH ~ 70-90%
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Canyon effect in M2
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Model simulations by OSPM predicted similar results

downwind/upwind meas OSPM Operational Street Pollution
Ntot 0.24 Model, Bercowitz, 2000
BC 0.39
PM, 0.59
NO 0.28 0.25 . ;
# .,ﬁ
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0.36

Canyon effect in M2
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Canyon effect — averaged size distributions
in M2
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D(nuc) ~20 nm
D(acc) ~80 nm

More in Pirjola et al., Atmos. Environ, 2012
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Sniffer measurements 15-27 Feb 2012

= SP-HR-AMS, 5 s (FMI)

= Aethalometer, cut-off size 1 um, 5s (FMI)
= NanoSMPS 3-60 nm, 1.5 min (TUT)

= ELPI ja EELPI, 1s (Metropolia)

= Thermodenuder 265 °C (TUT)

= PPS-sensor (Pegasor)

= NSAM (TUT)

= Rotating NanoMOUDI, 15 min (FMI)

= PM2.5 TEOM, 10s (Metropolia)

= DustTrak PM2s ja PM1, 1 s (Metropolia)
= NO, NO2z, CO, CO2 (Metropolia)

= Weather+GPS (Metropolia)
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Soot Particle Aerosol Mass Spectrometer
(SP-AMS)
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Sniffer: SP-AMS and aethalometer - Westbound route 16.2.2012
Lan\flvayla Lintuvaara Lintuvaara Lansivéyla
downtown Katt.lalaausmksolahtn Laaksolahti BLANK Kattilalaakso ~downtown
“““““ [ P R
cg 0254 Biomass burning
5 020+ tracer m/z 60

2 015
g 0.10
£ 0.05
0.00
g 8 Organic matter
S 6
2
o 4
° 2
e 08
% 0.6 Sulfate
S 04
]
- 202
£
2 98
% 30 Black carbon
5 20
£
g 10
o O
. 17:00 18:00 19:00 20:00 21:00 22:00
> . .
. 1.5
E . LM
=
05
\", bl L e Mg
%7 185 195 ES) 20.5 21 215 52




Elpi, West, Evening, 2012/02/24

HSY air quality
— measurement site
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1oo 1. very clean period (CLEAN) at
2 80 SVIOKE urban background site on
Ei 60 A~ \ | krer seashore due to air flows from
= 40 7 \ — _trarrc  the Atlantic Ocean (Feb 21
T 25 % — ClEan morning),

001 o1 § 2. strong long-range

’ Diameter (um) transported pollution episode
(LRT-EPI) at urban background
site on seashore due to air
flows from eastern Europe (Feb

40 18 evening),
T 30 mBlack carbon | 3, fresh smoke plumes from
%, :‘;i’tgrz;‘écs biomass burning (SMOKE) in
= mAmmonium | SUburban small house area
s 10 mSulfate mixed with LRT pollution (Feb
0| Chloride 18 evening), and
CLEAN  LRT-EPI SMOKE TRAFFIC 4. fresh emissions from traffic
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street in Helsinki city centre
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SNIFFER measurements Oct — Nov 2012
«  SP-HR-AMS (FMI)

+  Aethalometer, PM1, 1 s (AEROSOL.SI)

*  EEPS, 5.6-560 nm size distribution, 1 s (TUT)

»  Thermodenuder at 265 °C (TUT)

« CPC, > 2.5 nm, 1 s (Metropolia)

e EELPI, ELPI (7 nm-10 um), 1 s (Metropolia)

+ PM2.5, PM1, CO, CO2, NO, NOx (Metropolia)

* T, RH, Wind, GPS (Metropolia)

= Helsi n 3
= /
Sallispuisto Orkiniitty lasst S
P Lo e = Eﬁ@ Vantaa L Dum:sna::a =
B Vantaa 3 L
A R iaa o S
bl " o Torpparinmaki ot
o = N/ o 6 £ pes— i porvoont®
P, BIGIANVI . ™ uamnsieo
L' () weha
T W, H SN T % %
Lap| phyls %‘% 2 =, W"“wg 4 ’%‘E rIT: crpoaklls Malm] 5
i LT Cl b/ Vyosaar
ama i e/ e {
% 7 LT MesialiiRe N AR W oo
% tunhel o L Statanson
e 3 11 Herttonieml......
3 slumsashiol
. 4 Suniani U Syl o N e
é b g™ M Fougay Kamosulsto K andis
;mel—| £ i M,@»@“ Niottaniemi Miessaarons elia ISucrenitre
Gesterby - P i 2
ey
Sniffer measurements 22.10.2012 Background site
Downtown Stop at Roadside (Kehi Ill) ~ Downtown
Helsinki Vihdintie o Vihdintie Helsinki
| \ L)
( | [ Y
12 Black carbon” -
g 8+
4
0
5 Hydrocarbon fragment
- Organics
2 60
i<}
3 404
20 m I
0 M,
T T T
15:00 16:00 17:00 18:00
22.10.2012

13



. Hydrocarbon
Organics ___ "
5 TIANES — roadside 977 fragment (C,Hg") — roadside
o ackgroun <= 06 -+ = background
T . e
2 2
< 3 “3
g 2 g
2 k<
e 3
PToF size (nm)
Black — roadside 06
o~ g carbon + == = background —~ 20 Sulfate ) _ Nitrate
€ 9“7 — roadside 7z 057 — roadside
g = -+« background 2 04 ==+« background
) 2 15 g o
) g g
3 3 < 03
2 2 ® 1.0 $
3 3 g 02
E 08 E 0.1
) 0.0 A=A 0.0-a—b—urt il
PToF size (nm) 45678 ! 3 4 5678 45678 ! 2 4567
100 1000 100

PToF size (nm)

PToF size (nm)
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Pitkajarvi, Keha Il Pitkajarvi, Kehalll
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CONCLUSIONS

» detailed monitoring of aerosol particle properties in urban
and suburban areas is a challenging task, since their
concentration, size, composition and sources vary
strongly in time and space

« the combined application of several methods enables us
to obtain a comprehensive view on aerosol properties and
sources as well as to test new measurement methods
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