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In February and August 2003, black carbon (BC) and size-segregated particle number con-
centrations were monitored simultaneously at 9-m and 65-m distances from a major road in
Helsinki, Finland, using aethalometers and electrical low-pressure impactors, respectively.
During weekdays in winter, the average total particle number concentrations in the diam-
eter range 0.007—1 pm increased during morning rush hours from the nighttime values of
17 000 and 12 000 cm™ to 190 000 and 130 000 cm™ at the 9-m and 65-m stations, respec-
tively. The corresponding BC concentrations increased from 730 and 430 ng m= to 2800
and 1550 ng m=. Compared with those in winter, the average rush-hour particle number
concentrations were much lower in summer, the likely reason being enhanced nucleation
in cold winter conditions. BC concentrations were slightly higher during summer than
during winter. Number size distributions measured at the 9-m and 65-m distances and at a
background site had similar modal characteristics with the highest peak occurring below
0.03 pm. Despite the different wind conditions in winter and summer, concentrations of
total particle number and BC decreased similarly between the 9-m and 65-m stations, the
likely principal mechanism being mixing with background air. The strong diurnal variation
in concentrations during the weekdays, together with the large concentration difference
between the 9-m and 65-m distances, suggests that local traffic was the main source of the
measured pollutants, especially during rush hours at the 9-m site. In winter, the decrease in
the particle number concentrations from the 9-m site to the 65-m site was most pronounced
for the smallest exhaust particles. During an episodic pollution event in winter there were
indications of condensational growth of 0.007-0.03 ym particles, which increased the

number concentration of 0.03—-0.06 pm particles at the 65-m site.
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Introduction

Several studies have shown that atmospheric
particles have adverse health effects, and that
fine particles seem to be more dangerous than
the coarse ones (Schwartz et al. 1996, Wichmann
and Peters 2000). In urban areas vehicle exhaust
aerosol is an important contributor to atmos-
pheric particle mass concentrations (Gillies and
Gertler 2000) and especially to particle number
concentrations (Buzorius et al. 1999, Kim et al.
2002, Laakso et al. 2003). Most of the vehicle
exhaust aerosol particles are in the ultrafine size
range (aerodynamic particle diameter < 0.1 ym),
and therefore, on average, urban ultrafine parti-
cles (Berner et al. 1996, Pakkanen et al. 2001,
Kim et al. 2002, Phares et al. 2003, Reponen
et al. 2003) and exhaust particles (Kerminen et
al. 1997, Cadle et al. 1999, Sakurai et al. 2003,
Wang et al. 2003) have quite similar charac-
teristics in their chemical composition: mostly
carbonaceous material and minor amounts of
species such as sulphate, nitrate, ammonium
and potassium (Berner et al. 1996, Hughes et al.
1998, Pakkanen et al. 2001, Rhoads et al. 2003,
Mathis et al. 2004, Smith et al. 2004), and vari-
ous metals (Bérubé et al. 1999, Pakkanen et al.
2001, Harrison et al. 2003). Ultrafine particles,
NO, CO and black carbon (BC) are emitted by
vehicles, which often leads to high correlations
between the concentrations of these pollutants
at sites exposed to traffic (Wahlin et al. 2001a,
2001b, Kim et al. 2002, Zhu et al. 2002, Ketzel
et al. 2003, 2004, Noble et al. 2003). In some
studies high ultrafine particle number concentra-
tions have been related to nucleation of specific
gaseous compounds during favourable condi-
tions (Woo et al. 2001, Charron and Harrison
2003).

In several cities the average particle number
concentrations at urban background sites are in
the range of about 10*-3 x 10* cm™ (Buzorius
et al. 1999, Ruuskanen et al. 2001, Wehner et
al. 2002, Tuch et al. 2003, Stanier et al. 2004),
or slightly lower (Ketzel et al. 2004). At urban
traffic sites the nighttime concentrations rise
quickly during the early morning, and hourly-
average particle number concentrations of about
10°-2 x 10° cm™ are frequently measured during
the rush hours (Shi ef al. 1999, 2001, Ruellan
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and Cachier 2001, Wehner et al. 2002). Traf-
fic emissions have been studied also in tunnels,
on-road, and near rural or semi-urban major
roads (Bukowiecki et al. 2002, Zhu et al. 2002,
Reponen et al. 2003, Sturm et al. 2003, Vogt
et al. 2003, Janhill et al. 2004, Kittelson et al.
2004, Nanzetta and Holmén 2004).

Measurements at different sites (Shi et al.
1999, Wehner et al. 2002, Zhu et al. 2002) have
shown that the influence of traffic emissions on
ambient particle number concentrations decreases
with increasing distance from the source, but the
degree of the observed concentration decline
is highly variable. For instance, Hitchings et
al. (2000) observed that at 100—150 m distance
from the road the total particle number concen-
tration was about half of that measured in the
vicinity of the road, when the wind was blow-
ing from the road to the measuring sites. For
winds blowing parallel to the road directions, the
reduction to half of the concentration occurred
at about 50-100 m distance. In Helsinki, Pirjola
et al. (2006) derived equations for the concen-
tration curves at distances of 0-140 m from
the roadside, when the wind was from the road
to the measurement sites: during morning rush
hours, when moving 65 m from the roadside the
average concentration reduced to 39% in winter
and to 35% in summer. It is believed that the
large variability in different studies can be partly
explained by reasons such as different lower cut-
off sizes of the measurement instruments, vari-
able weather conditions and variable background
versus source contributions. Usually, the main
mechanism responsible for the decline of particle
number concentrations with the distance from
the source has been suggested to be dilution with
the background air (Shi ez al. 1999, Vignati et al.
1999, Vikevd et al. 2000, Pohjola et al. 2003,
Ketzel and Berkowicz 2004). The importance of
coagulation increases at major traffic sites where
particle number concentrations of several hun-
dreds of thousands cm™ are observed (Sturm et
al. 2003, Jacobson and Seinfeld 2004, Kerminen
et al. 2004).

Particle number size distributions measured
at traffic sites indicate that during rush hours a
large majority of particles (about 70%—-90%) are
in the ultrafine size range (particle diameter < 0.1
pum) and even below about 0.03—0.05 ym (Shi et
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al. 1999, Charron and Harrison 2003). Measure-
ments made in Germany in urban background
sites showed that there was an increasing trend
in the fraction of ultrafine particles between 1993
(81%) and 1999 (90%) (Pitz et al. 2001). During
daytime and rush hours, particle number size
distributions show typically one or two modes
centred at about 15-40 nm (Shi et al. 1999,
Wahlin et al. 2001b, Wehner et al. 2002, Ketzel
et al. 2003, 2004). With increasing distance from
the source (road traffic) the particle size usually
shows larger modal diameters (Shi et al. 1999,
Wehner et al. 2002, Ketzel et al. 2004).

Due to the large seasonal temperature differ-
ences, it is of interest to study the behaviour of
traffic exhaust particles in winter and summer
in high-latitude northern areas. One of the few
studies including periods of low winter time tem-
peratures was made in Helsinki in 1999-2000 by
Hussein et al. (2002), who observed that at a
semi-urban site average total particle number
concentrations were considerably higher during
winter as compared with those in summer. The
aim of this work was to study the concentration
variations of traffic-related black carbon and
size-segregated particle number concentrations
near a major road in winter and in summer, as
well as the processes occurring during dilution.
In connection with the LIPIKA project (Ronkkd
et al. 2004), the results of this study will be com-
pared with vehicle emission measurements made
in a laboratory, inside a tunnel and under on-road
conditions.

Material and methods

Measurement stations and measurement
periods

During 10-26 February and 11-28 August 2003,
measurements were performed simultaneously
at 9-m and 65-m distances from the edge of the
Itdvayld road in Helsinki, about six kilometers to
the east of the city center. On weekdays the traf-
fic on this road constitutes about 45 000 vehicles,
of which about 2000 are heavy duty diesel vehi-
cles and about 8700 are diesel passenger cars or
diesel vans. The sampling heights were 5.7 m
above the ground. In addition, a mobile labora-
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Fig. 1. The location of the 9-m (A) and 65-m (B) sam-
pling sites.

tory, the “Sniffer”, installed in a van (Pirjola et al.
2004), was measuring during most days around
the measurement stations and at a background
site about 600 m northwest of the stations. How-
ever, these “Sniffer measurements” were usually
performed during the rush hours and they took
only 5-15 minutes at each position. Background
monitoring mostly occurred before and after the
morning and afternoon rush hours. There is a
slight downhill from the Itdvaylad road to the 9-m
station (about 0.3 m) and further to the 65-m sta-
tion (about 1.7 m below the road level). About
35 m to the north of the 65-m station there is a
factory that occasionally emitted particles and
disturbed measurements (Fig. 1).

Measurement instruments

Both measurement stations were equipped with
electrical low-pressure impactors (ELPI, Keski-
nen et al. 1992), condensation particle counters
(CPC) and aethalometers (Hansen et al. 1982).
As shown below, the agreement between paral-
lel ELPI and CPC measurements was good, and
therefore CPC data is discussed only in connec-
tion to this comparison. The ELPI at the 9-m
site measured particle number concentrations in
the size fractions of about 0.030-0.063, 0.063—
0.109, 0.109-0.173, 0.173-0.267, 0.267-0.407,
0.407-0.655 and 0.655-1.02 ym. The ELPI at
the 65-m site measured nearly identical size
ranges. In order to measure particle number in
the size range of about 0.007-0.030 yxm, both
ELPIs were equipped with an additional filter
stage (Marjamiki er al. 2002). The ELPI flow
rate was 10 liters per minute and aluminium foils
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greased with Apiezon L were used as collection
substrates. The number size distribution readings
were obtained in a resolution of five seconds,
and the data was then calculated as one-minute
and one-hour averages.

In ELPI number distribution calculations
a particle density of 1 gcm™ was assumed.
McMurry et al. (2002) found that the density
of ~0.1 um urban aerosol particles in Atlanta,
United States, varied between about 1.4 and
1.7g cm™. For 0.3 um particles they found
two density categories: one with densities of
~0.4 g cm™ and the other with densities of ~1.6 g
cm™. They related the lower density values to
traffic-related soot particles and the higher den-
sity values to atmospheric particles. On the other
hand, Park et al. (2003) found that the density of
diesel soot particles vary as a function of parti-
cle size. According to their study the density of
0.1 ym particles is approximately 0.8 g cm™.
The density decreases as a function of particle
size and for 0.2 um particles it is ~ 0.5 g cm™.
The aerosol particle population at a road side
consists of a mixture of traffic-related particles
and urban background particles. It is thus rea-
sonable to assume that the average density of
particles is in the range 0.5-2 g cm™. If the real
particle density is 2 g cm™ and a unit density
is assumed in ELPI concentration calculations,
the resulting concentration is approximately half
of the true concentration. If the real density is
0.5 g cm?, the resulting ELPI concentration is
approximately double compared to the true con-
centration.

In summer, both CPCs were of the model
TSI 3025, but in winter there was a TSI model
3010 at the 65-m site and model 3025 at the 9-m
site. Due to high concentration peaks, dilution
was needed for the CPCs in winter and summer
at both stations. The dilution, checked every
day, was about 3—4 fold, and in all cases it was
arranged by mixing filtered dilution air (about
3-4.5 liters per minute) with the sample (about
1.5-2 liters per minute). The TSI 3025 instru-
ments measured particles having aerodynamic
diameter >3 nm, and the TSI 3010 measured
particles larger than about 10 nm.

Slightly different aethalometers (Hansen et
al. 1982) were used to measure black carbon
(BO). In winter and summer there was a Magee
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Scientific AE1 at the 9-m station, sampling 5
litres per minute, while at the 65-m station there
was a Magee Scientific AE2 (9 liters per minute)
in winter and a Magee Scientific AE3 instrument
(11 liters per minute) in summer. In the winter
campaign a time resolution of one minute was
used, whereas in the summer the aethalometers
at 9-m and 65-m distances measured at one-
minute and two-minute resolution, respectively.
All aethalometers utilised absorption at 880 nm.
High concentrations allowed the use of short
measurement times, but otherwise the original
calibration and setup of the manufacturer was
used for all aethalometer instruments.

The Sniffer was equipped with several dif-
ferent instruments (Pirjola ez al. 2004), but only
the ELPI-results are considered here. The fine
particle size fractions were nearly identical to
those in the other ELPIs: 0.007-0.029 (filter
stage), 0.029-0.056, 0.056-0.094, 0.094-0.158,
0.158-0.266, 0.266-0.388, 0.388-0.621 and
0.621-0.960 ym. The one-second data obtained
from the ELPI was converted to one-minute and
one-hour average data.

At the 9-m site, a Vaisala weather station,
placed at a height of about 10 m, provided one-
minute average data on wind speed (ws), wind
direction (wdir), temperature (7)) and relative
humidity (RH).

Quality control and quality assurance

Earlier studies have shown the good perform-
ance of ELPI instruments. For instance, Shi et
al. (1999) found an excellent agreement between
the data measured using ELPI and SMPS instru-
ments for particles larger than 0.03 ym aerody-
namic diameter. In this work, the parallel ELPI
and CPC measurements agreed fairly well, as
presented later.

Before the winter campaign, the three ELPIs
were tested in parallel in a laboratory and the
agreement was within about +7%. For the
summer campaign the performance of the three
ELPIs were compared at the 65-m station both
before and after the campaign, and the agree-
ment was again about +7%. During the winter
campaign ELPI measurements suffered from
problems with the computers and data logging,
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and therefore parallel data was obtained for
both stations only for 19, 20, 21, 24, 25 and 26
February. The air intake of the Sniffer was 2.4 m
above the ground and hence Sniffer’s ELPI data
is utilised only for the urban background air
measurements made about 600 m to the north-
west of the sampling sites. It is noted that due to
the relatively wide size range measured by the
ELPI filter stage (0.007-0.030 pm), the overall
uncertainty is larger for this size range than for
other size ranges. The uncertainties in filter stage
number concentration depend on the shape of
the particle number size distribution and particle
density. If the peak of the nucleation mode is
close to the geometric mean diameter of the filter
stage (i.e. close to value 0.014 ym) and the par-
ticle density is close to 1 g cm™, the error in the
measured particle number concentration is small.
According to Pirjola et al. (2004, 2006), the peak
size of nucleation mode at the Itdvayld road was
close to 0.02 ym during the campaigns. In this
case, assuming that the density is close to unit
density, the filter-stage overestimates the number
concentration by 20%—-40% (Marjamiki et al.
2002). However, assuming that particle density
and peak size do not change much near the road,
the filter stage concentrations can be compared
between different distances without additional
uncertainties.

For the aethalometers the original calibra-
tion of the manufacturer was used. Compari-
sons between the instruments, made before the
campaigns, showed an agreement of about +5%
in measured BC concentrations. Similar to the
ELPI instruments, there were occasions when
aethalometers did not provide data. In some
cases the automatic tape advancer of the instru-
ment did not work properly, and sometimes the
external computers used for data logging had
problems, possibly due to instability of the elec-
tricity supply.

Weather conditions

The hourly-average temperature varied between
—15 and +5 °C during the winter campaign and
between 8 and 23 °C during the summer cam-
paign. In winter there was about half a meter
of snow on the ground. In summer most nights
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were calm with practically no wind, which raised
nighttime particle number and BC concentra-
tions. In winter there was no wind in the morning
of 21 February, and concentrations of both parti-
cle number and BC were high. In winter the wind
direction was most of the time from the Itdviyld
road to the measurement stations, whereas in
summer the wind direction was variable.

Results and discussion

Number of particles in winter and
summer 2003, measured by the ELPIs

Comparison of the parallel ELPI and CPC
concentrations

During the summer campaign, average ELPI to
CPC concentration ratios were 1.21 and 0.95
at the 9-m and 65-m stations, respectively. The
diurnal variation of the hourly-average ELPI
to CPC concentration ratio was quite similar at
the 9-m and 65-m sites, although the ratio was
consistently higher at the 9-m site (Fig. 2). As
compared with those at nighttime, the measured
ratios were higher during daytime at both dis-
tances. The CPC 3010 has a more limited meas-
urement range and therefore, despite the dilution
of samples, the upper concentration limit was
often exceeded. Thus the ELPI-CPC compari-
son was not made for the 65-m site in winter.
In winter at the 9-m site, the average ELPI to
CPC number concentration ratio was 1.40 and
had a diurnal behavior similar to that in summer,
i.e. the ratios were higher during daytime than
during night. By taking into account that the
dilution made for the CPC measurements causes
additional uncertainty, the overall agreement
between parallel CPC and ELPI instruments can
be considered good. As a result, only the ELPI
and BC data will be discussed below.

Particle number concentrations

Total particle number concentrations followed
each other relatively well at the 9-m and 65-m
stations during both seasons (Fig. 3). The diurnal
variation of the total particle number concentra-
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tion was not very strong in summer (Fig. 4), the nights. In winter the total particle number
which was partly due to low wind speeds during  concentration increased, on average, quickly
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during the morning rush hours to high values
of 190 000 and 130 000 cm™ at the 9-m and
65-m distances, respectively (Table 1 and Fig.
4). Note that the high concentrations measured
on 21 February are not included in Table 1. The
average background particle number concentra-
tions for the time period 07:00-09:00, measured
by the Sniffer, were 25000 and 8300 cm™
during the winter and summer, respectively. The
traffic was busier during the morning rush hours
than in the afternoon. The day-to-day variations
in concentrations were not very strong, although
several people had a winter holiday week during
the first week of the winter campaign. Note
that several pairs of hourly concentration values
were excluded from the averages (see footnotes
in Table 1). In summer this exclusion did not
change much the overall averages because both
high and low concentration pairs were excluded.
Saturdays and Sundays occurred on 15, 16,
22, and 23 February, and on 16, 17, 23, and 24
August. Unfortunately, for the winter there is
no number concentration data for weekends.
The morning and afternoon rush hour peaks
were observed for most days, even though the
afternoon peak was not always seen in summer
due to the prevailing wind direction at those
times. The nearby factory suffered occasionally
from technical problems, especially during the
summer campaign. Hence the high maximum
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concentrations observed at the 65-m site on
24-26 August were likely due to emissions
from this factory since the wind was from north-
northwest.

The high winter concentrations observed by
us (Table 1) are comparable to those observed at
higher temperatures in large cities such as Paris
(Ruellan and Cachier 2001) and Birmingham
(Shi et al. 2001). At our site in winter, about
90% of particles were detected on the filter stage
which, as discussed above, has a larger uncer-
tainty. One reason for the high winter concentra-
tions is that on 19-26 February the wind brought
traffic emissions straight to the measurement
sites, whereas in August the traffic emissions
were often carried to the northern side of the
road away from the stations. During the time
period 19-26 February, the temperatures varied
between -5 and +5 °C being below zero during
21-26 February. In summer nights the tem-
perature varied between 8 and 17 °C and during
summer days it varied mostly between 13 and
21 °C. Hence, another likely reason for the much
higher concentrations for winter was the low
winter time temperature that may have enhanced
the nucleation of various condensable traffic
exhaust gases, as suggested earlier by Hussein
et al. (2002). The relatively high nighttime par-
ticle number concentrations in summer can be
explained by low wind speeds.

Table 1. Average particle number and BC concentrations over the night (N, 02:00-04:00), morning rush hours
(MR, 07:00—09:00) and whole day (24 h) for weekdays and weekends in winter and summer. Average background
values for the particle number concentration during morning rush hours was 25 000 cm= in winter and 8300 cm~®

in summer.
Winter Summer
Weekdays Weekend Weekdays Weekend
9m 65 m 9m 65 m 9m 65m 9m 65 m

Particle number concentration (cm=)

N 17000 12000 - - 239004 13000% 244004 12700%

MR 190000*  130000* - - 59000% 36600% 20600% 124008

24 h 120000 85000 - - 35400% 18800% 25900% 16600%
BC concentration (ng m=)

N 730" 430" 1300 860 1200 620 2590 1130

MR 2800* 1550* 820 530 4550 2920 1180 460

24 h 2250 1330 1200 740 2700 1470 2150 970

* excluding 21 February.

& excluding hourly averages for concentration pairs with higher value at the 65-m distance.
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Particle number size distributions

It should be noted here that, as mentioned earlier,
the particle density affects the particle number
concentration measured by the ELPI, as well
as the shape of the measured particle number
distribution if the density varies as a function of
particle size. This is a topic for further studies.
As a matter of fact, the density dependence of
the particle size distribution gives an interest-
ing opportunity to study the particle densities as
described by Ristiméki ez al. (2002) and Virtanen
et al. (2004a, 2004b).

The median background size distributions,
estimated roughly from Fig. 5a and b, seem
to be tri-modal with rather constant geometric
mean diameters. The mode that had the smallest
mean diameter and largest number of particles
was located somewhere below about 0.03 pm.
The fine structure of the size distributions below
0.03 pm could not be investigated in this study.
The mean diameters of the two other modes
at the background site seemed to be roughly
at about 0.08-0.1 ym and 0.3-0.5 pm. Daily
total background particle number concentrations
varied between about 10 000 and 15000 cm™
during the winter and between about 5000 and
10 000 cm™ during the summer. In winter the

—a—13-15

at the background site
(BG) during morning rush
hour, evening rush hour
and evening hours (see
above).

1.00

number concentrations in the background air
were similar to those observed on the Itdviyld
road during the night. In summer, concentra-
tions of particles smaller than about 0.3 ym were
lower in the background air compared with air
measured on the Itdviyld road. The seasonal dif-
ference in nighttime concentrations between the
Itdvayld road and background air can partly be
explained by the very low wind speeds during
summer nights, which obviously increased con-
centrations near the roads. The low nighttime
wind speeds seemed to affect the summer time
background concentrations in a way that in the
late evening (21:00-23:00) concentrations were
higher than those during the morning rush hours.
It is noted, however, that the evening measure-
ments were made largely on 18 August when
the concentrations were higher than usual. The
median background size distribution during
15:00-19:00 in summer had very low concen-
trations, largely due to the measurements made
on 25 August when the wind carried cleaner air
from north—northwest.

During both seasons, the shapes of the parti-
cle number size distributions were nearly identi-
cal at the two stations, but the particle number
concentrations were lower at the 65-m station as
compared with those at the 9-m station (Fig. 5).
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It should be noted that in order to make the com-
parison reliable, only the periods with existing
data from both stations were considered in Fig.
5 and Table 1. The size distributions measured
at the 9-m and 65-m distances from the road
showed mode structures very similar to those
measured at the background site (see above).
The average size distributions representing vari-
ous time periods of a day were nearly identical
in the size-range of about 0.3—1 ym. This under-
lines the importance of long-range transport and
indicates that local sources were less important
for particle number concentrations in this size
range. The situation is very different for particles
smaller than about 0.3 ym. During the morning
rush hours in winter, the average number con-
centration of 0.007-0.03 ym particles was eleven
fold and that of 0.03—0.06 um particles eight fold
as compared with respective number concentra-
tions during the nighttime. This demonstrates the
importance of local traffic for ultrafine particles.
In summer the average size distributions varied
very little over the course of the day (Fig. 5b).
This was probably due to the low wind speeds
during the nights, higher wind speeds during the
daytime, and the relatively common occurrence
of south easterly—south westerly wind direc-
tions. Ketzel et al. (2003) reported that in May—
November in Copenhagen, the influence of the
traffic source was strongest at the 0.02-0.03 ym

——9m ---=--- 65m

size range during daytime and evening hours. We
believe that the situation is fairly similar in Hel-
sinki in summer. In winter on average 78%-91%
of the particles were observed on the filter stage
(0.007-0.03 um), whereas in summer the corre-
sponding fraction was clearly lower (66%—79%).
The difference between winter and summer is
probably due to the low winter temperatures that
enhance nucleation. The fraction of particles on
the filter stage was highest during rush hours and
daytime and lowest during the night. The frac-
tions were larger at the 9-m station compared
with the 65-m station.

Concentrations of BC in PM,, particles
in winter and summer 2003

The time series of hourly-average BC concentra-
tions are presented in Fig. 6 and some average
concentrations in Table 1 (21 February excluded
from 02:00-04:00 and 07:00-09:00). The overall
average BC concentrations, including weekdays
and weekends, were 1900 and 1160 ng m™ in the
winter and 2500 and 1360 ng m~ in the summer,
at the 9-m and 65-m stations, respectively, when
parallel data from both stations was considered.
The values measured at the 65-m station are
close to the average BC concentration of 1380
ng m~ measured at another site in Helsinki in
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1996-1997 (Pakkanen et al. 2000). The diurnal
variation of the BC concentration for weekdays
was clear in both winter and summer (Fig. 7).
The concentration peaks during morning and
afternoon rush hours and the much lower night-
time concentrations indicate that local traffic was
the most important source of BC. In summer
the hourly-average wind speeds were low (often
0.2-0.5 m s™") during the night, which is reflected
in relatively high BC concentrations in summer
nights. As compared with those for weekday
nights, BC concentrations were even higher for
summer weekend nights when there was more
traffic.

Decrease of particle number and BC
concentrations between 9-m and 65-m
distances

Dilution of particles emitted into the atmos-
phere by a certain source includes mixing of the
emitted different-size particles with a certain
background particle size distribution (Ketzel and
Berkowicz 2004). A large down-wind dilution
can be expected for particle sizes having high
source to background concentration ratios. On
the contrary, if the source to background ratio
is low, the concentrations should stay close to
the background level at all distances around
the source. Earlier studies suggest that the high
road-side particle number concentrations caused
by local traffic decrease close to the background
values at highly variable distances from the
source: for example Zhu et al. (2002) reported
a distance of about 300 m and Reponen et al.
(2003) of about 200-400 m. In Brisbane, Aus-
tralia, Morawska et al. (1999) did not see a

---9---winter 65 m

<= -A---summer 65 m

of average hourly BC
concentrations for week-
days (21 February not
included).

statistically significant decrease in the particle
number concentration with the distance from the
road, except very close (about 15 m) to the road.

In this work, there was road construction
work going on about 20—70 m to the south/west
of the 65-m station during the summer cam-
paign. This is reflected in the data as occasional
high peak concentrations at the 65-m station
during southerly/westerly winds. However, due
to the short duration of these peaks, only a few
hourly-average concentrations were elevated to
a greater extent. The abnormal values occurred
usually during certain periods when the wind
carried emissions from the factory or from the
construction site (summer only) to the sampling
site(s). In spite of variations in wind and other
weather conditions, the average 9-m to 65-m
concentration ratios of particle number and BC
were relatively similar to each other and between
the summer and winter (Fig. 8). The average
concentration ratios, including all the data pairs,
were in winter 1.63 (standard deviation 0.5)
and 1.76 (0.4) for number and BC, respectively,
and 1.58 (0.9) and 2.28 (0.9) in summer. After
excluding the likely outliers (concentration ratios
< 1 and > 4), the average ratios remained close to
the above values, except for the particle number
concentration ratio in summer that increased up
to 1.86. As compared with those in winter, the
relations between the 9-m and 65-m concentra-
tions were more scattered with higher standard
deviations in summer, which is consistent with
the more variable weather conditions during
the summer campaign. In summer, the particle
number concentration ratios < 1 were caused by
emissions from the nearby factory. Compared
with those in winter, the 9-m to 65-m ratios of
hourly-average BC concentrations were higher
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Fig. 8. Relation of hourly-average total particle number concentrations between the 9-m and 65-m stations during
(a) winter and (b) summer, and the corresponding relations of black carbon (BC) concentrations during (¢) winter

and (d) summer.

in summer. High concentration ratios occurred
sometimes when there was weak southerly wind
preventing transportation of the traffic emissions
to the 65-m site, but allowing the traffic turbu-
lence to affect the 9-m site. It is noted that some
of these high ratios were excluded according to
the above definition of outliers. Our results are
in agreement with the observations of Zhu et al.
(2002), who found that in Los Angeles dilution
was similar for particle number and BC (and in
addition also for CO).

During winter and summer, the 9-m to 65-
m ratio of the particle number concentration
was different for different particle size frac-
tions, and on average the ratios were higher
in summer (Fig. 9). In summer the ratio was
especially high for the 0.66—1.02 um size range,
likely due to road dust from the Itdvéyld road.
During the winter campaign usually the small-

est particles (diameter 0.007-0.03 xm) had the
largest 9-m to 65-m concentration ratios, while
0.5-1 pum particles had the lowest concentration
ratios (slightly > 1). A clear exception to this
pattern was the 0.03-0.06 pym size range, for
which the concentration ratio was unexpectedly
low as compared with that for the neighbour-
ing size ranges, especially during the inversion
situation (dashed lines in Fig. 9) of 21 Febru-
ary. The lower ratios for this size range can be
partly explained by the fact that background
air typically has a concentration peak at about
0.03-0.06 um (Ketzel et al. 2003). According to
the time scale studies of Kerminen et al. (2004),
Ketzel and Berkowicz (2004) and Zhang et al.
(2004), the principal processes modifying the
number and size of freshly-emitted combustion
aerosols in the atmosphere are mixing with the
background air and condensation/evaporation.
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Hence the low 9-m to 65-m concentration ratios
for 0.03-0.06 um particles could be explained
by condensation together with the high concen-
tration difference between 0.007-0.03 ym and
0.03-0.06 um particles. Kerminen et al. (2004)
suggested that also self-coagulation (coagula-
tion of approximately similar-size particles with
each other) becomes important when the particle
number concentration is very high and extended
time for coagulation is available. In the morning
of 21 February the particle number concentra-
tion was very high and there was no wind, so
self-coagulation may have been important on
this day. Overall, most of the details in Fig. 9
can be explained by the fact that long-range
transport is usually important in the size range
of about 0.2-0.7 um, while local traffic exhaust
contains particles smaller than about 0.1 ym
and local road dust particles have sizes close to
about 1 ym.

Summary and conclusions

In winter and summer 2003, black carbon (BC)
and size-segregated particle number concentra-

tions were measured simultaneously at 9-m and
65-m distances from a major road. In addition, a
mobile laboratory measured occasionally parti-
cle number concentrations at a background site.
On average, the total particle number concentra-
tion was much higher during the winter, whereas
average BC concentrations were slightly higher
during the summer. Both components showed a
strong diurnal variation during weekdays, with
lower nighttime concentrations and much higher
concentrations during rush hours and daytime.
Average concentrations were highest at the 9-m
station and lowest at the background site. This
suggests strongly that at the 9-m distance, most
of the high rush-hour concentrations can be
explained by the local traffic, and that even at
the 65-m distance local traffic is a major source.
The number size distributions measured at the
9-m and 65-m distances from the road and at
the background site were relatively similar: the
dominant mode was somewhere below about
0.03 um, and the mean diameters of the two
other modes were at about 0.08-0.1 ym and
0.3-0.5 pym. In winter, on average 78%—-91% of
particles were in the size range 0.007-0.03 ym
during different times of the day, whereas in
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summer this fraction varied between 66% and
79%. Usually the lowest fractions occurred at
night and the highest ones during morning rush
hours. The fraction of particles in the size range
0.007-0.03 um was higher at the 9-m station as
compared with that at the 65-m station.

In spite of the variable weather conditions,
total particle number and BC concentrations
decreased similarly from the 9-m to the 65-m
distance in winter and summer. The average
9-m to 65-m concentration ratios for both BC
and total particle number varied between about
1.6 and 2.2, which corresponds to a concentra-
tion decrease of about 38%—-55% between these
measurement sites. However, taken roughly, the
concentration decrease was lower for larger par-
ticle sizes, with the exception that in winter the
number of 0.03-0.06 pm particles decreased
clearly less efficiently than the neighbouring
particle size-classes. It is suggested that the con-
centration differences between the stations are
explained principally by mixing with the back-
ground air. Taking the large concentration dif-
ference between the number of 0.007-0.03 ym
and 0.03-0.06 pm particles, the seemingly less
efficient decrease of the number of 0.03-0.06
pm particles during winter can be explained by
condensational growth, where a subgroup of
0.007-0.03 um particles shifts to sizes greater
than 0.03 pm. The results of this study can be
utilised in planning the emission reduction strat-
egies and in estimating the population exposure
to traffic emissions.
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