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ABSTRACT  
 

A two weeks measurement campaign by a mobile laboratory van was performed at downtown Helsinki, Finland, in 
winter 2010. The characteristics of air pollutants such as fine particles in the size ranges of 7–40 nm (Np40) and 40–1000 
nm (Np1000), black carbon (BC), fine particle mass (PM2.5), as well as gaseous compounds NO, NO2, NOx, CO and CO2 
were studied. The statistical analysis showed that the air pollution conditions strongly depended on the traffic flow area; 
therefore, the street sections were classified as high traffic flow areas (HTF1-HTF4), low traffic flow areas (LTF1-LTF5), 
and urban background areas (BG1-BG3). Large variation of particle emissions was observed, and the momentary peak 
particle concentrations were 8 × 105 cm–3. At the HTF areas exhaust emissions followed clearly daily average heavy duty 
vehicle counts rather than the average daily vehicle counts. Higher correlation coefficients were found between CO2 and 
NO than between CO2 and Ntot. The dispersion studies indicated that the air pollution conditions strongly improved from 
high traffic flow areas to low traffic flow areas. Therefore, proper city planning and locating, for example, cycle tracks, 
schools and hospitals farther from busy city streets might significantly reduce exposure risk for humans. 
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INTRODUCTION 
 

Urban air quality has become a major public concern as 
the association between the air pollution (AP) exposure 
and the population well-being has become stronger. The 
epidemiologic as well as the toxicological studies show a 
strong connection between the air pollution components, 
such as particles, and adverse health effects (e.g., Kagawa, 
2002; Pope III and Dockery, 2006; Brugge et al., 2007). 
During the recent decades, the understanding of the 
mechanisms of the harmful effects of the particles has also 
changed. The health effects are nowadays connected rather 
to the lung-deposited surface area and reactivity than to large 
particle mass (Tran et al., 2000; Donaldson et al., 2005). The 
scientific interest has, along the way, turned in to the fine 
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(PM2.5; dp < 2.5 µm) and ultrafine particles (UFP; dp < 100 
nm) which transport effectively down to alveoli and often 
dominate the urban particle concentrations (e.g., Alföldy et 
al., 2009). Recently, the World Health Organization 
reclassified diesel engine exhaust (WHO, 2012), and 
furthermore, outdoor air pollution as carcinogenic to humans 
(WHO, 2013). 

In urban environments, traffic is often considered as the 
dominant air pollution source. The combustion engine 
originated air pollution includes carbon monoxide (CO), 
nitrogen oxides (NOx) and volatile organic compounds 
(VOC), secondary ozone (O3) as well as primary and 
secondary particles. In fact, the engine exhaust particle 
number distribution is typically concentrated at the UFP 
size range and, in addition, exhaust particles include 
various carcinogenic hydrocarbon compounds as well as 
reactive surface species (Kittelson, 1998; Donaldson et al., 
2005). The traffic emitted average UFP concentrations in 
street canyons and on-road are shown to vary around 105 
cm–3 depending on the traffic characteristics and the peak 
concentrations can easily reach 106 cm–3 levels (Wehner et 
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al., 2002; Westerdahl et al., 2005; Pirjola et al., 2012). 
The traffic emissions are not restricted on the traffic 

lanes but they change the ambient conditions around the 
streets, everywhere in urban street layout. The emissions 
disperse from streets to nearby environments and sidewalks 
(Vignati et al., 1999; Shi et al., 2001; Zhu et al., 2002b; 
Pirjola et al., 2006; Bowker et al., 2007; Hussein et al., 
2007; Pohjola et al., 2007; Pirjola et al., 2012) and they 
transport to indoor environments (Ilgen et al., 2001; Zhu et 
al., 2005) and, thus, worsen the air quality almost everywhere 
in urban areas. The urban air quality is, nevertheless, usually 
monitored with stationary measurement stations at the 
areas or street sections with known air pollution problems. 
Such an approach is economically feasible but, at the end, 
it gives only limited spatial view on the whole problem 
(Wilson et al., 2005).  

Some shortages of the stationary method have been 
restored with high time-resolution mobile measurement 
methods. Mobile laboratories, equipped with fast time 
response analyzers, are used to study air pollution conditions 
in different areas (Bukowiecki et al., 2002; Kolb et al., 
2004; Pirjola et al., 2004; Weijers et al., 2004; Westerdahl et 
al., 2005; Weimer et al., 2009), dispersion of traffic emitted 
pollutants from roads to close by environments (Seakins et 
al., 2002; Khlystov and Ma, 2006; Pirjola et al., 2006; 
Bowker et al., 2007; Hagler et al., 2010) and the variation of 
pollution conditions in urban microenvironments (Westerdahl 
et al., 2009; Pirjola et al., 2012). Although, the stationary 
measurements represent an average urban air quality while 
the mobile methods measure average pollution levels within a 
traffic flow at a certain area during a certain time span, the 
approach seems interesting when the aim is to study the 
traffic as an emission source in an urban environment. 

In this work mobile air pollution measurement method 
was applied at different traffic flow streets at downtown 
Helsinki, Finland. The aim of this study is to represent spatial 
variation of the gaseous (NO, NO2 and CO) and particulate 
(PM2.5, BC, particle number concentrations and size 
distributions) pollutants at an urban street layout, within 
the traffic at the different traffic flow areas and streets.  
 
MEASUREMENTS AND WEATHER CONDITIONS  
 

Mobile measurements were conducted with a van named 
“Sniffer” and described in detail in Pirjola et al. (2004). 
The sampling line was at 2.4 m height from the ground 
level, above the van’s windshield. The total length of the 
research street routes in the Helsinki downtown was 
around 20 km (see next section). The measurements were 
performed on weekdays between 30 November and 12 
December in 2010 during the morning rush hours at 6–10 
am and the afternoon rush hours at 2–8 pm, occasionally 
also at noon at 10 am–2 pm. The particle size distributions 
in the range of 7 nm–10 µm (aerodynamic diameter) were 
measured with ELPI (Electrical Low Pressure Impactor, 
Dekati Ltd) (Keskinen et al., 1992) equipped with a filter 
stage and an additional stage with cut-off around 16 nm 
(Marjamäki et al., 2002; Yli-Ojanperä et al., 2010). The 
time resolution was 1 s. Particle volatility properties were 

studied using a thermodenuder TD where the aerosol was 
first heated up to 265°C and after that gradually cooled in 
the TD. The evaporated compounds were collected onto the 
activated charcoal. Particle losses in the TD were calculated 
according to Heikkilä et al. (2009). 

The black carbon (BC) in PM1 size fraction was measured 
by two wavelength Aethalometer (Ambient Air Quality 
Monitoring AE 22, Magee Scientific) with a time resolution 
of 5 s. Aethalometer uses optical analysis to determine the 
mass concentration of black carbon particles collected 
from the air stream passing through a filter. Two optical 
wavelengths were used; 370 nm in the UV range and 880 
nm in the IR range. Optical absorption is converted to the 
mass of BC and further to the mass concentration using a 
mass absorption cross section 16.6 m2/g (Arnott et al., 2005). 
The mass concentration was corrected for filter loading 
errors based on the procedure by Virkkula et al. (2007). 
The errors influenced by a scattering of the filter material 
and particles cannot be corrected because no scattering 
measurement was available. 

The PM2.5 concentration was measured with a DustTrack 
(TSI, model 8530). Because this instrument was factory 
calibrated with Arizona dust particles, the data were 
afterwards corrected as explained in Pirjola et al. (2012).  

Gaseous concentrations of CO2 (model VA 3100, Horiba), 
CO (model CO12M, Environnement S.A.), and nitrogen 
oxides NO, NO2 and NOx (model APNA 360, Horiba) were 
also measured in Sniffer. The data were saved in 1-second 
time resolution. The meteorological parameters such as 
relative humidity, wind speed and direction and temperature 
were measured from the roof of the van, but they were also 
gained from a stationary monitoring station (Kaisaniemi/ 
Kumpula; 60°10′30.2′′N, 24°56′51.9′′E), operated by the 
Finnish Meteorological institute (FMI). The spatial position, 
speed and direction of the van was also recorded continuously 
with a global positioning system (model GPS V, Garmin). 

Relatively mild winter weather and permanent snow cover 
prevailed during the measurement campaign. The lowest 
temperatures (–15°C) were detected at the beginning of the 
campaign 29–30 November and the highest (0–1°C) on 5 
December, but in general, the temperature varied around 
–5°C during the measurements. The relative humidity was 
around 80% or above during the campaign. The atmospheric 
pressure was between 1030 mbar and 990 mbar. During 
some days also snowfalls appeared. The wind direction was 
mostly from the northern sector. However, during 3 and 6 
December the wind blew from south. The wind speed was 
mostly around 5 m/s during the campaign except on 10 
December when the speed was around 10 m/s.  

 
RESULTS AND DISCUSSION 
 
General View on Measurement Regions  

The mobile measurements were conducted at a route 
covering various traffic conditions at the downtown area of 
Helsinki (Fig. 1). The route was classified into three different 
types of environments, namely high traffic flow streets 
(HTF), low traffic flow streets (LTF) and background sites 
(BG). BG1 is located at the edge of the central park  
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Fig. 1. Map of Helsinki downtown area. Colored circles 
present the average total particle number concentrations 
over all measurement periods of the campaign. High traffic 
flow streets (HTF), low traffic flow streets (LTF) and 
background areas (BG) are labeled in the map.  

 

whereas BG2 and BG3 located at the coast of the sea. For 
HTFs the daily average vehicle count (AVC) was above 10 
000 and for LTFs below 10 000. The major characteristics 
for the four HTF and five LTF areas, as well as for the three 
background sites, are described in Table 1. The measurements 
were performed during driving on the streets in HTFs and 
LTFs, while at the BG sites Sniffer was parked on sidewalk 
during the monitoring. As seen from Fig. 1 the particle 
number concentrations from traffic emissions show large 
variation in different areas; the peak average concentrations 
can easily be 100-fold higher (maximum 1 s concentrations 

~8 × 105 cm–3) at HTFs compared to those measured at 
BGs and 5-fold higher than at LTFs.  
 
Correlations between the AP Components in Traffic Flow  

In Fig. 2, the scatter plots between the typical combustion 
originated species are shown in upper triangle and the 
corresponding Spearman correlation coefficients in the 
lower triangle. The correlations were statistically significant 
(p-values < 0.05) for all presented compound pairs. A three 
day data set (30 Nov, 1 Dec, 9 Dec, 2010) from mobile 
measurements was selected for correlation analysis to present 
a comprehensive sample of the pollutant concentrations at the 
different traffic areas studied here. The Spearman correlation 
was selected over the Pearson’s correlation coefficients, 
because assumption of linear dependence between the 
pollution components seems not valid: consider, for example, 
the scavenging of particles at high concentrations or NO-
NO2 conversion. 

The correlation coefficients between CO2 and NO, NO2 
and NOx were between 0.70 and 0.72, and for CO2 versus 
particles (Np40, Np1000, Ntot, BC) between 0.65 and 0.68. 
Similar or slightly lower correlations were detected in 
Westerdahl et al. (2005). The relatively high correlation 
coefficient between the compounds implies that the low 
and the high concentrations of the pollutants are detected 
at the same areas in the Sniffer’s route. The vehicle fleet in 
Helsinki includes both gasoline and diesel powered vehicles 
(Table 1) both emitting CO2 but the particle emissions, 
with particle diameter above 7 nm, and NOx emissions are 
mostly connected to the diesel vehicles (Colvile et al., 2001; 
Harris and Maricq, 2001; Shi et al., 2001; Zielinska et al., 
2004). It should be noted that the lower correlation 
coefficient for CO2 versus Ntot than for CO2 versus NO 
might indicate that a part of ultrafine particles were produced 
by another mechanism than combustion processes (Rönkkö 
et al., 2014). 

The poor correlation between CO and NOx or particle 
compounds, ρ2 < 0.3, is due to the low CO concentrations 
in traffic emissions compared to ambient background CO

 

Table 1. HTF and LTF daily average (minimum and maximum for different street sections) vehicle counts (AVC) along 
the route (Lilleberg and Hellman, 2011) and description of the street side structure. Heavy duty (HD) percentages for LTFs 
are only suggestive. For the BGs, a distance and direction from HTF1 and also location characteristics are given.  

Area 
AVC (# working/day) HD (%) 

Street side structures 
average (min–max) average (min–max) 

HTF1 27700 (14000–47600) 11 (5–16) street canyon and open 
HTF2 16300 (7200–24700) 10 (6–15) street canyon and open 
HTF3 16800 (12600–19300) 20 (20–21) street canyon and open 
HTF4 19500 (14700–28200) 23 (19–27) street canyon 
LTF1 800–1900 (3–4) park and building walls 
LTF2 700–10000 (1–5) park and building walls 
LTF3 3000–5000 (1–9) street canyon 
LTF4 2000–8000 (1–5) street canyon 
LTF5 2000–3000 (3–9) street canyon 
Site Distance and direction from HT1 Background site characteristics 
BG1 400 m, NE by a park 
BG2 1100 m, W by the sea 
BG3 1100 m, S by the sea 
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Fig. 2. Scatter plots in log-log scale for the 1 minute average data on 30 Nov, 1 Dec and 9 Dec, 2010. The origin lies in the 
left lower corner of each scatter plot. Also shown are Spearman correlation coefficients ρ2. Np40 refers to the number 
concentration of particles with diameters between 7 and 40 nm (nucleation mode), Np1000 to particles between 40 and 1000 
nm (soot mode) and Ntot to total particle number concentration. 

 

concentrations. Furthermore, CO mostly originates from 
gasoline vehicles and NOx from diesel vehicles. A similar 
low correlation was detected previously by Westerdahl et 
al. (2005). The high background CO concentration might 
be the reason for the slightly higher, but still low correlation 
for CO2 and CO (ρ2 ~0.4). The NOx correlates strongly 
with the soot mode particles, namely Np1000 (ρ

2 = 0.75) or 
BC (ρ2 = 0.80), while the correlation is weaker for the smaller 
particles Np40, (ρ

2 = 0.59). The difference in the correlation 
between NOx and different particle sizes comes from the 
fact that the soot mode particle number concentration and 
BC are mostly primary emissions from the traffic fleet 
similarly to NOx (balance between NO and NO2), but the 
nucleation mode transforms in the ambient air (Kittelson, 
1998). The lower correlation for NOx with Np1000 than with 
BC comes from the fact that the Np1000 concentration can 
include also large nucleation mode particles time-to-time, 
unlike the BC concentration.  

All in all, the correlation characteristics of the AP 
components imply that during the three selected day, the 
typical traffic emission components followed each other. 
Thus, it confirms that traffic emissions dominated the 
measurements. 
 
Pollutant Concentrations in High Traffic Flow Areas 

The concentrations of air pollutants in the different HTF 
routes are shown in Table 2. There was large variation in 
the timing and total duration of the measurement periods for 
different HTFs. However, our main aim is not to compare 
absolute concentrations in HTFs but to describe major 
characteristics of traffic emissions in most polluted street 

environments of Helsinki downtown. The average traffic 
flows as well the heavy duty diesel vehicle flows were 
clearly different at the studied HTFs (Table 1).  

The ranges of the mean concentrations (median 
concentrations in brackets) for HTFs were 125–338 (60–150) 
µg/m3 for NO, 127–250 (85–140) µg/m3 for NO2, 12–30 
(4.9–8.9) × 103 cm-3 for Np40, 10–16 (7.1–11) × 103 cm-3 

for Np1000, 11–16 (7–11) µg/m3 for BC, and 21–39 (14–29) 
µg/m3 for PM2.5. The concentrations on streets are high 
compared with those at the urban kerbside monitoring sites 
beside HTF1 (Mannerheimintie and Töölöntulli air quality 
monitoring stations by the Helsinki Region Environmental 
Services Authority HSY; Malkki et al., 2011). During the 
week day rush hours (6–10 am and 3–8 pm) of our field 
campaigns, the kerbside concentrations at the monitoring 
stations beside HTF1 were on average 54–183 µg/m3 for 
NO, 59–84 µg/m3 for NO2, 2–5 µg/m3 for BC and 9–14 
µg/m3 for PM2.5 (Malkki et al., 2011).  

At the HTFS, the median particle number concentrations 
were higher for Np1000 than for Np40. Yet, the means and 75 
and 100 percentiles were always higher for Np40 than for 
Np1000. The result comes from the different formation routes 
and life times of the particles: the congestions and high 
emitters in front of the Sniffer add more strongly the temporal 
Np40 than Np1000 concentrations, and therefore, the particles 
with diameter below 40 nm, dominate the particle population 
at high concentration situations.  

In HTFs, the mean NO concentrations were higher than 
the NO2 concentration; however, at HTF2 NO2 was slightly 
higher than NO. It is somewhat expected that the NO/NO2-
ratio would be over unity at HTFs, when the vehicle flow 
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Table 2. Percentile (5, 25, 50, 75 and 95) and arithmetic mean concentrations for NO and NO2 as well as for particles (Np40, 
Np1000, BC, PM2.5) at four studied high traffic flow streets. n is the number of 1-second samples except for BC it is number 
of 5-seconds samples. At the two bottom rows, Pearson’s correlation coefficients are shown between the each column 
median concentrations and the daily average total vehicle count (AVC) and the average HD vehicle count (HDAVC). 

 
NO 

(µg/m3) 
NO2 

(µg/m3) 
Np40 

103 cm–3 
Np1000 

103 cm–3 
BC 

(µg/m3) 
PM2.5 

(µg/m3) 
HTF1       

5 0 20 1.4 2.6 2 8 
25 45 60 3.3 5.4 5 16 
median 115 100 8.9 9.8 8 26 
mean 188 153 22 10 13 33 
75 240 180 22 17 16 44 
95 630 430 86 43 42 70 
n 29333 29333 32705 32705 5791 32705 

HTF2 
5 0 15 0.7 1.2 1 5 
25 20 45 1.7 2.6 3 7 
median 60 85 4.9 7.1 7 14 
mean 125 127 12 10 11 21 
75 135 140 18 14 13 30 
95 460 385 38 28 41 59 
n 2680 2680 2945 2945 479 2945 

HTF3 
5 0 20 1.6 2.9 4 8 
25 35 85 3.4 7.3 7 15 
median 150 140 7.1 11 11 29 
mean 338 250 28 14 16 31 
75 420 285 23 20 21 40 
95 950 750 137 33 43 63 
n 1037 1037 1212 1212 209 1212 

HTF4 
5 0 20 1.1 2.2 2 7 
25 35 65 2.7 5.1 5 14 
median 130 110 8.1 10 8 24 
mean 250 202 30 16 13 39 
75 310 215 30 18 15 37 
95 920 685 109 44 39 71 
n 4087 4087 4831 4831 824 4831 

AVC (Pearson) 0.14 –0.22 0.78 0.23 –0.22 0.36 
HDAVC (Pearson) 0.82 0.56 0.72 0.78 0.37 0.69 

 

is high. Yet, in the presented HTFs the heavy duty diesel 
vehicle counts also varied. The average counts for the heavy 
duty vehicles were 2970, 1600, 3360 and 4480 for HTFs 1-
4, respectively (Table 1). Thus, the lower heavy duty vehicle 
counts at HTF2 can have an effect on the NO/NO2-ratio.  

Furthermore, the NO and NO2 (µg/m3), Np1000 (cm–3) as 
well as BC and PM2.5 (µg/m3) concentrations, all followed 
more clearly the daily average heavy duty vehicle counts 
(HDAVC) than the daily average total vehicle counts 
(AVC) in the studied HTFs. The Pearson’s correlation 
coefficients were clearly higher between the concentration 
medians and HDAVC than between the medians and AVC, 
two bottom rows in Table 2. For BC, the correlation is, 
however, quite poor in both cases: the used measurement 
method was rather insensitive for small concentration changes 
and the data serves better in comparison of HTFs, BGs and 
LTFs than in HTF-HTF comparison. Interestingly the linear 

correlation was at the same level for both vehicle counts 
(0.72 for HDAVC and 0.78 for AVC) and Np40. This 
suggests that the concentration of small particles increases 
with increasing traffic, thus also small particles emitted 
from light duty gasoline and diesel vehicles add to Np40.  
 
Spatial Characterization of the Air Pollution 

The air pollution conditions varied notably at the different 
traffic flow areas. An example time series of total particle 
number concentration during one afternoon run (2 December 
2010) is shown in Fig. 3. The concentration variation was 
strong at both HTF1 and at LTFs. The total number 
concentration can change over 10-fold during one continuous 
measurement at the region. At the background scenes the 
concentration is more stable and variation is seen only 
between the different continuous measurement periods at 
BGs. The variation of the concentration at HTF and LTF 
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Fig. 3. Time series of total particle concentration on 2 Dec 2010. Different measurement areas are marked with different 
background colors and labeled in the plot area. 

 

areas is expected because of the relatively high AVCs 
(Table 1) and varying traffic conditions in the close vicinity 
of the mobile platform.  

Nevertheless, in order to compare the different traffic 
flow areas, average concentrations at LTFs and BGs were 
normalized to HTF1. Therefore, HTF1 was measured several 
times during each measurement run, as shown in Fig. 3. 
All daily data sets were first divided to three different time 
periods: morning (6–10 am), daytime (10 am–2 pm) and 
afternoon (2–8 pm). On the average, each LTF and BG 
region was measured once (daily) during one period of 
day. Then the average concentrations were calculated for 
the selected regions (HTF1, LTF1-3 and BG1-3) and 
selected compounds. The average concentrations were, 
then, normalized with the average concentrations of HTF1 
during the same time period. The ratios, presented in Fig. 4 
with markers, were calculated as weighted averages by 

weighting the individual ratios with their variation. While 
calculating the ratios in the presented way, the corrections of 
the diurnal variation in the urban background concentrations 
to the ratios can be neglected. The combined ratios (weighted 
averages) for the LTF and BG regions are shown in Fig. 4 
as solid or dashed horizontal lines, and also they are also 
repeated as numbers in the top left corner of the columns.  

When comparing the horizontal average lines and markers 
for separate LTF ratios in Fig. 4 (top), LTF2 pop out with 
high relative concentrations. For example, NO2 and BC 
concentrations are about 80% of the HTF concentration. This 
seems, however, natural because of the high vehicle count at 
LTF2 (Table 1) and partly because of local dispersion from 
HTFs 1 and 2 on LTF2. From the bottom axis in Fig. 4, the 
relative number concentration levels are higher at BG3 than at 
other BGs. This is probably caused by dispersion from the 
downtown; BG3 was located at the southern side of the 

 

 
Fig. 4. Average LTF/HTF1-ratio (top) and BG/HTF1-ratio (bottom) for NO and NO2, Np40, Np1000, and BC. The error bars 
show standard deviations for the ratios. The values of the combined LTF and BG ratios are shown with horizontal lines 
and numerical percentage values.  
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downtown (Fig. 1) and the wind direction was from northern 
sectors at the time of the measurements. The same trend 
can be seen for LTF3.  

Nevertheless, all of the NOx and particle component 
(Np40, Np1000 and BC) concentrations were lower at the LTF 
and BG regions than at HTF1 (Fig. 4). On the average, the 
NO levels were at the LTFs 23% and at the BGs 2% of the 
HTF concentrations, for NO2 the values were 52% and 29%, 
respectively. As a comparison, also Westerdahl et al. (2005) 
showed that at the residential areas the NO concentration 
was about 20% of the arterial concentrations and they also 
pointed out that the NO2 concentration was two times 
higher at the roadways than at the residential areas.  

The relatively higher NO2 concentration is due to the 
ambient NO to NO2 conversion: the direct NO2 emissions 
are quite low at the LTFs as the AVCs and the heavy duty 
diesel vehicle counts are there low (Carslaw, 2005; Chaney 
et al., 2011). As the local emission source for NO is also 
absent at BGs or low at LTFs, NO decreases and NO2 
increases in time. In fact, the proportions of NO and NO2 
also change with the traffic flow regime in this work. The 
average NO/NO2 ratio was here around 0.2 at BGs, 0.6 at 
LTFs and above 1 or even 2 at HTFs.  

The relative particle levels were lower for Np40 than for 
Np1000 at LTFs and BGs. For Np40 the LTF levels were on 
the average 15% and for BG 7% of the HTF concentrations 
and for Np1000 (or BC) the levels were 36% (23%) for LTFs 
and 22% (11%) for BGs. Such a difference seems natural, 
as the life time of the particles in the lower size range is 

shorter than the life time of the larger particles, below 100 
nm size range.  

The average particle size distribution characteristics were 
different between the studied areas, Fig. 5. Only the data 
measured at Mannerheimintie were used as a representative 
for high traffic flow areas. All size distributions are bimodal 
with the Aitken mode peaking at around 20 nm and the 
accumulation mode at around 90–100 nm. The averaged 
modal lognormal parameters (number concentration of an 
Aitken (NAit) and accumulation (Nacc) modes, geometric 
mean diameter and standard deviation) given in Table 3, were 
fitted to the measurements as in Hussein et al. (2005a). While 
the Aitken mode dominated the number size distribution in 
HTF, the accumulation and Aitken modes were close to 
equal at the LTFs and BGs. Similar trends for the urban 
number distributions are shown also before (Hussein et al., 
2005b; Ripamonti et al., 2013). Both Ripamonti et al. (2013) 
and Hussein et al. (2005b) show that the Aitken mode is 
related quite directly to traffic while the accumulation mode 
have also non-traffic related sources in the urban area. 
Further, the average distributions during three days does 
not show clear nucleation mode below 10 nm as shown in 
Fig 6(B). The two mode distribution in Fig. 5 presents an 
aged traffic emission distribution which is continuously 
present in HTF and LTF areas, while the peaking third mode, 
the so called nucleation mode (Fig. 6(B)) is distinctive 
only close the emission source. Interestingly, the two mode 
distribution is shown also after the thermodenuder treatment. 
The Aitken mode, thus, seems also have nonvolatile fraction,

 

   
 (A) (B) (C) 

   
 (D) (E) (F) 

Fig. 5. Median number size distributions along with 25 and 75 percentiles at the HTF and LTF streets as well as at the 
background areas BG. Also shown are the size distributions after the thermodenuder (TD) treatment (D–E). Here HTF 
refers to the data only measured at Mannerheimintie. 
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Table 3. Averaged modal lognormal parameters: geometric mean diameter dp, number concentration N, and standard 
deviation σ, for the fitted modes of the number size distributions at HTF, LTF and BG areas. Ait refers to the Aitken mode 
and acc to the accumulation mode. 

 
dp 
nm 

NAit 
103 cm–3 

σ 
dp 
nm 

Nacc 
103 cm–3 

σ 

HTF 20.5 16.5 1.6 92.8 8.9 1.7 
LTF1 19.4 4.9 1.7 94.9 3.6 1.8 
LTF2 20.5 6.2 1.7 92.8 6.1 1.8 
LTF3 20.5 4.6 1.7 101 3.7 1.8 
BG1 20.5 3.0 1.9 88.9 3.0 1.8 
BG2 20.5 3.5 1.7 115 2.5 1.8 
BG3 25.9 5.9 1.6 101 3.9 1.6 

 

 
Fig. 6. (A) Dispersion of total particle number concentration from HTF1 through LTF1. X-axis refers to the distance (m) 
from the HTF1, and y-axis shows the normalized concentration. The gray lines are dilution function fits, see text. (B) Time 
evolution of number size distribution on LTF1 from HTF1 (distances in legends). 

 

although volatile particle fraction is clearly shown to affect 
the particle number as observed also by Pirjola et al. (2012). 
As expected, the accumulation mode (the soot mode), in 
practice, is nonvolatile. 
 
Dispersion of Particles from High Traffic Flow Street 

The dispersion of particles from the HTF1 street was 
studied onto the low traffic flow street LTF1. These street 
sections were selected, since the traffic flow is very high 
(47600 vehicles per day) in HTF1 and very low (800-1900 
vehicles per day) in LTF1. The particle total number 
concentration profile at LTF1 as a function of the distance 
from HTF1 is shown in Fig. 6(A). The data from (Zhu et 
al., 2002a, b; Weijers et al., 2004; Keuken et al., 2012) is 
extracted from their figures and (Pirjola et al., 2006) provided 
by the author. The data from this work are divided in 
sections along the increasing distance and the error bars 
show the variation of the concentrations in the sections. 

The detected concentration decrease seems at first steeper 
in this work than the decrease detected in the other studies 
(Zhu et al., 2002b; Pirjola et al., 2006; Keuken et al., 
2012). However, this difference is connected rather to the 
measurement distance from the source than to natural 
dilution. In this work, the smallest distance from HTF1 was 
between 1 m and 8 m while in the other works the distances 

were between 12 m and 40 m (Table 4). Normalization to 
zero distance is taken here for all the data. An exponential 
dilution function c(x) = B + Dexp(kx), similar to Zhu et al. 
(2002), was first fitted in to the data. Then the normalization 
is done by forcing the concentration C(x) = 1 and solving 
the parameters B0 and D0 given in Table 4. 

Interestingly, there were no clear differences between k 
determined here and in the cited work in Table 4, although 
the measurement scenes and methods were different. The 
decay coefficient k was between –0.050 and –0.022 for all 

 

Table 4. Dilution function parameter B0 in the normalized 
background concentration, D0 is the relative emission at x 
= 0 and k is the decay coefficient. Subscript 0 refers to the 
parameters normalized to C(x = 0) = 1. 

Source xmin B0 D0 k 
This work 1.2 0.08 0.92 –0.026

3.9 0.10 0.90 –0.045
8.0 0.07 0.93 –0.037

Zhu et al., 2002 30.8 0.15 0.85 –0.022
Zhu et al., 2002 12.8 0.15 0.85 –0.050

Keuken et al., 2012 37.2 0.37 0.63 –0.028
Pirjola et al., 2006 15.8 0.21 0.79 –0.038
Weijers et al., 2004 7.8 0.07 0.93 –0.028
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the cited work presented in Table 4, and in this work k was 
between –0.026 and –0.045. Thus the dilution was similar 
in the studies, although the relative concentrations at 
background (B0) and at the emission source (D0) differed. 

The change of the size distribution on LTF as function of 
a distance from HTF1 is shown in Fig. 6(B). The measured 
distribution is bimodal at all distances and the modes 
appear distinctively above and below 40 nm. The larger 
mode with the modal diameter around 70 nm appear at all 
distances implying a direct effect of the traffic emissions in 
the ambient air also further away from HTF. At the lower 
size range (diameter dp < 40 nm) the peak concentration is 
detected at 10 nm or below when the distance is smaller 
than 20 m from HTF1 and little above 20 nm as the distance 
increases. The change in the lower size range peak diameter 
is clearly due to the change of the distance from the 
emission source. In the example distributions, the nearest 
distributions (∆d = 1–10 m) show a nice example of the 
number distribution from fresh plume where the nucleation 
mode peaks at or below 10 nm (e.g., Zhu et al., 2002). As 
the distance increases, the mode at around 20 nm becomes 
distinctive showing a stable aged nucleation mode detected 
often in various urban environments (e.g., Wehner et al., 
2002; Pirjola et al., 2006).  
 
CONCLUSIONS 
 

The spatial and temporal concentrations of air pollutants at 
downtown of Helsinki were studied during a winter campaign 
(30 November–12 December 2010). The concentrations were 
shown to depend strongly on the traffic flow area.  

The mean concentrations of particles averaged over all 
high traffic flow (HTF) regions varied in the range of (1.2–
3) × 104 cm–3 for particles smaller than 40 nm in diameter 
(Np40), (1–1.6) × 104 cm–3 for particles in the size range of 
40–1000 nm (Np1000), 11–16 µg/m3 for BC and 21–39 
µg/m3 for PM2.5. However, the momentary total number 
concentration values were as high as 8 × 105 cm–3. The 
corresponding mean concentrations for NO and NO2 were 
from 125 to 338 µg/m3 and from 127 to 250 µg/m3, 
respectively. These results indicate that besides the stationary 
monitoring stations producing averaged concentration 
levels, the mobile measurements are useful to demonstrate 
momentary high concentrations to which people are short-
term exposed in different city environments. 

The concentration levels at the low traffic flow (LTF) and 
the background (BG) areas were normalized to high traffic 
flow (HTF1) concentrations. It was shown that that at LTFs 
the concentrations of NO, NO2, Np40, Np1000 and BC were on 
the average 23%, 52%, 15%, 36% and 23% of the HTF 
concentrations, respectively. On BGs, the concentrations 
were 2%, 29%, 7%, 22% and 11% of the HTF concentrations 
for NO, NO2, Np40, Np1000 and BC, respectively. However, 
depending on the surroundings and the vehicle flows at 
LTFs, the average pollution concentrations could increase 
up to 80% of the HTF concentrations.  

At LTFs and BGs, NO2 was detected at higher relative 
concentrations while NO was clearly connected to high 
traffic flow areas. The relative Np1000 concentrations were 

higher than the relative Np40 concentrations.  
The averaged particle number size distributions at the 

HTF, LTF and BG areas showed bimodal structure; the 
Aitken mode peaked at around 20 nm and the accumulation 
mode at 90–100 nm. The Aitken mode dominated at HTF, 
whereas at LTF and BG, both modes were more equal. The 
Aitken mode had also a nonvolatile fraction, although the 
volatile particle fraction clearly affected the particle 
number concentration. 

The change of the particle size distribution in dispersion 
from HTF to BG showed the changes in the modal 
structure below 40 nm particle size range while at above 
40 nm size range no changes were detected with the used 
instruments. The accumulation mode particle concentrations 
as well as the NO and NO2 mass concentrations showed 
linear correlation with daily average heavy duty vehicle count 
but not with the total daily vehicle count. This emphasizes the 
important role of heavy duty vehicles in reducing air quality 
in the city center. The Np40 concentrations, on the other 
hand, correlated linearly with both average vehicle counts. 

The air pollution conditions were shown to improve 
strongly from high traffic flow areas to low traffic flow 
areas. Yet the decrease in the pollutant concentrations cannot 
be assumed to follow directly the vehicle counts, but the 
surroundings and local traffic flow have to be taken into 
account when estimating the pollutant levels. At high traffic 
flow areas, the vehicle characteristics seem to make the 
difference and the conclusions based only on total vehicle 
counts could be misleading. In conclusion, proper city 
planning and locating, for example, cycle tracks, schools 
and hospitals even slightly farther from busy city streets 
might significantly reduce exposure risk for humans.  
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