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Abstract. The urban environment is distinguished by higher aerosol and gaseous pollutant concentrations than those in ru-
ral areas. A study of aerosol pollutant behavior was performed in an industrial Lithuanian city of Siauliai. The PM, mass
concentration and meteorological parameter monitoring data were analysed. The aerosol number concentration was mea-
sured during a 10-day experiment in Siauliai. Analysis of PM,, showed that the workdays-weekends phenomenon in the
PM,, mass concentration distribution was prevailing. The PM;, mass concentration on workdays was higher in compari-
son with the concentration at weekends, 24,6 pg/m® and 21 pg/m’, respectively. Clear PM,, mass concentration depen-
dence on the wind parameters (speed and direction) was found. Linear relationship between aerosol number and PM,,
mass concentrations was found at a high particle number concentration (more than 18000 cm™). PMyq level in Siauliai
was defined as a sum of three sources: regional background, urban background and local sources. Contribution of these
sources to the total PM;, mass concentration was estimated to be 36 %, 30 % and 34 %, respectively, during June—October

of 2005.

Keywords: PM,, aerosol number concentration, weekend effect, daily variation, weekly variation, PM,, sources.

1. Introduction

Unceasing interest in atmospheric aerosols is high
mainly because of their effect on human health [1, 2] and
role in climatic change [3]. Particulate matter (PM) pollu-
tion consists of very small liquid and solid particles floa-
ting in the air. They originate from a variety of stationary
and mobile sources and may be directly emitted (primary
emissions) or formed in the atmosphere (secondary emis-
sions) by transformation of gaseous emissions. Examples
of atmospheric particulate matter cited in [4] include: com-
bustion-generated particles, such as diesel, soot and fly
ash; photochemically produced particles, such as those
found in urban haze; salt particles produced by sea spray;
and particles from re-suspended dust. There are also other
natural sources like pollen or crushing and grinding rocks
and soil. Of the greatest concern to human health are par-
ticles small enough to be inhaled into the deepest parts of
the lungs. Particulates with an aerodynamic diameter
below 10 um are known as PM,,. These particles are about
one-seventh the thickness of a human hair [5].

The concentration of particulate matter is highly inf-
luenced by human factors. In most European countries
industrialization and high volumes of traffic mean that
anthropogenic sources predominate, especially in urban
areas, and sources of anthropogenic particles are similar
throughout Europe. So, in urban areas traffic, factory fu-

mes and use of domestic fuel can significantly influence
PM level.

In Europe, ambient concentrations of PM,, have been
monitored in some urban networks since 1990. According
to European Environmental Agency information [6] emis-
sions of fine particles have been reduced by 36 % from
1990 to 2001. The total emission reduction between 2000
and 2001 was 1.1 %. The emission reductions between
1990 and 2001 were mainly due to abatement measures in
the energy industries (55 %), road transport (29 %) and
energy use from industry (40 %).

The Air Quality Directive 1999/30/EC [7] set out
limit values for PM,, concentrations. Annual and daily
limit value of 50 pg/m’ exceeds should not be more than
35 times per year in 2005 and 7 times in 2010. Wide va-
riations in PM level were found in European cities [8].
Particulate emissions from road transport arise as direct
emissions from vehicle exhausts, tire and brake wear and
resuspension of road dust. In general, diesel engine vehic-
les emit a greater mass of fine particulate matter per ve-
hicle than petrol engines.

The investigations of PMj, concentrations in cities
[8] showed that in PM,, fraction at the kerbside site re-
suspended mineral dust particles and re-suspension of
mechanically generated particles prevailed.

Most of the air quality studies performed so far are
based on measurements of PMj, in the urban air [2].
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However, recent studies indicate that the aerosol number
(N) concentration could be a much better predictor and
indicator of the health effects of the particle matter than the
mass concentration [9, 10]. On the other hand, Osunsanya
et al [11] found no evidence to support the hypothesis that
the component of particulate pollution responsible for ef-
fects on respiratory symptoms or function resides in the
fraction below 100 nm diameters. Associations between
symptoms and PM,, suggest that a contribution of the co-
arser fraction should not be dismissed.

The aerosol (d > 0,4 pm) number concentration
measured at a rural site in Lithuania [12] varied in the
range of (5 + 100) 10° cm™ in 1990. Similar concentra-
tions were found in 1994 [13]. The Environmental Pro-
tection Agency performs PM,, concentration monitoring
in the main Lithuanian towns [14]. The data obtained in
2005 showed that the highest PM,, concentration was
observed in Klaipéda (253 pg/m’) and a little lower one
(196 pg/m’) — in Vilnius monitoring stations [15].
However, the investigations of particulate matter concent-
ration in Zvérynas district of Vilnius [16] pointed up
places where very high concentrations of more than
500 pg/m’ were observed in 2005.

A wide investigation and assessment of gaseous po-
llutants was performed in Siauliai [17]. The authors
showed that the highest pollution in the central part of the
city was caused by motor-transport.

The aim of this work was to establish the consistent
pattern of PM, variations, relationship between PM,, and
aerosol number (N) concentration, to evaluate the input of
possible PM, sources in Siauliai.

2. Experimental details

Siauliai is one of the largest industrial centers in nor-
thern Lithuania with the population of about 140 000.
The city is situated in a convenient geographical location.
Siauliai is famous for its well-developed transport infrast-
ructure and the city is crossed by international routes.

The air monitoring data were obtained from a moni-
toring station (55° 56‘N, 20° 18°E, 107 m above the sea-
level) near the crossroad of Ausra Avenue and Zemaité
Street. This station is a part of the National Air Quality
Monitoring network. The station is near the main town
market, representing tendencies of the city traffic pollu-
tion and the highest concentration of visitors. Opposite
the station high buildings are situated on Zemaité Street.
The area near the station can be characterized as a resi-
dential, commercial and industrial locality. Over 10 000
vehicles pass by the station per day. The monitoring data
obtained during June—October of 2005 were analysed.
The following pollutants are measured at the station:
PM,o, CO, O;, SO,, NO, NO,, NOx and meteorological
parameters: wind speed, wind direction, temperature,
pressure, and humidity. Measurements are taken every 30
minutes [14].

The aerosol number concentration (d > 0,4 um) was
analysed during 10 days from 14 until 24 October 2005
with an optical aerosol particle counter AZ-5. The air
sample rate was 1,2 I/min; measurement error according
to specifications was + 20 % [18].

3. Results and discussions
3.1. Weekly and daily variations of concentrations

The substantial weekend effect in the pollutant
weekly course is mostly observed in highly polluted re-
gions [19]. In many localities this effect is in direct res-
ponse to human activity. The weekend effect is easily
observed and generally associated with changes in ozone
concentration during the week [19], but a similar situation
was also established for PM. However, contrary to ozone
the PM concentration is typically lower at weekends (Sa-

turday—Sunday) compared to workdays (Monday—
Friday).
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Fig 1. Average daily variation of PM;, concentrations in
different months

In order to determine of existence of the weekend ef-
fect in Siauliai, an average PM,, concentration during
different days of the week was evaluated. Variations of
an average daily PM;y concentration during the week of
each month are presented in Fig 1. The highest concentra-
tions were observed on Fridays during June and October,
and the lowest ones — on Sundays during all the months.
The highest average concentrations were observed during
different workdays in July, August and September. As
one of the main PM sources is traffic, increase in con-
centration on Fridays can be explained by the intensifica-
tion of traffic density. Friday is the last workday, and
many people are leaving the city for the weekend, then
this street is quite crowded. The lowest concentrations
were found on Sundays because that day most people do
not use cars or are outside the city. Furthermore, low
traffic of heavy-duty commercial and public vehicles is
observed. The mean concentration of PM,, during
workdays was 27 pg/m’, and during weekends it was
22 pg/m’, over the investigated period. It should be noted
that the difference between mean concentrations during
workdays and weekends was observed each month: 21,4
and 20,5, 24,2 and 22, 25,3 and 19,5, 29,9 and 25,7, 33,9
and 24,2 ug/m’ in June, July, August, September and
October, respectively.
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The daily patterns of the PM;, mass concentration
were evaluated separately for workdays and weekends.
The results of daily variations during workdays and
weekends over June—October are presented in Fig 2.
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Fig 2. Daily variations of PM;, mass concentrations du-
ring workdays and weekends

Mean PM;, mass concentrations on workdays were
higher in comparison with those at weekends, 24,6 pg/m’
and 21 pug/m’, respectively. The lowest level of PM,, was
observed during early morning hours, but since 9:00 the
concentration began to rise till 21:00. After 21:00 decrea-
se in the concentration was observed till morning hours.
Such variations of PM;, can be partially explained by
traffic intensity changes.

Some different variations of the PM;y mass concent-
ration were observed during weekends. Any morning
peak could be seen in the daily pattern, and only after
12:00 the concentration started increasing slightly. The
PM,, level dropped at 14:00 with some small growth
after 18:00. A high PM;, mass concentration during
nighttime indicates that transport is not the only source of
particulate matter.
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3.2. Meteorology

Analysis of relationship between PM;, concentration
and the wind speed and direction was performed. The
study showed that the strongest wind of up to 5,5 m/s was
registered from the 200°-270° direction (Fig 3) because
there are no high buildings in this direction. The registe-
red wind speed from 45°-180° direction was slower by
about 3,2 m/s because there are barriers in the southeas-
tern direction, i e buildings. No wind was registered in
the direction of 330°-30° during June—October. It seems
that the main reason of this phenomenon is building
No 66 on Ausra Avenue. It presents a high barrier for the
wind.

Fig 4 shows relationship between PM,, concentration
and the wind speed from different wind direction intervals
during the investigation period. The highest PM,, concent-
ration was found at an interval of 30°-60° which is distin-
guished by the lowest < 0,5 m/s wind speed.

The lowest PM,, concentration was observed under
a stronger wind in the direction of 240°-300° because of
particulate matter scattering. No PM;, concentration same
as wind was registered in the direction of 360°-30°. The
analyses clearly show that a low wind speed determines
increase in PM;, concentration.

3.3. Mass concentration vs number concentration

The particle (d > 0,4 um) number concentration was
measured from 14 to 24 October of 2005. The 24-hour
average of PM;, concentration and the aerosol number
concentration are presented in Fig 5. The high particle
number and PM;, concentrations were registered at the
beginning of this period.

An elevated PM,, concentration was also observed on
21-22 October, whereas aerosol number concentration was
even diminished. Fig 6 presents relationship between PM;,
mass concentration and the particle number concentration.

Wind Class Frequency Distribution

Wind Class (m/s)

Fig 3. Relationship between wind speed and direction and frequency distribution of wind speed during June—October of 2005



50 R GirgZdiené, R. Rameikyté / JOURNAL OF ENVIRONMENTAL ENGINEERING AND LANDSCAPE MANAGEMENT - 2007, Vol XV, No 1, 47-53

40 6
A
N
©c 30 Na——a _ AN o
£ ~,——A \O\ =
> ey \ A T4 S
- hel
5 TN X g
B 20 4 A \ @
- kel
[ [ =
[} —
2 +2=
8 10
=]
= d —a—PM  —O—Wind \
0 ! ! ! ! ‘ 0

g 8 3 & 8 & 8§ § 8 8 8

o =4 Q i iy ) ) 1 I I I

(=] o (=] o o o o (=]

& & 8 2 8 K 8 8

Wind direction intervals, degree

Fig 4. Relationship between PM, concentration and wind speed at different wind direction intervals
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Fig 5. Variation of 24-hour average of PM,, concentration
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2005
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Fig 6. PM, concentration vs aerosol number (N) concent-
ration

An interesting relationship between these two va-
riables was found. Two tendencies of the relationship
were observed. At a low aerosol number concentration
(below 18 000 crn"3) PM,, concentrations can vary at a

wide interval, and this relationship shows that it can be
associated with local sources of PM;,. While at a higher
particle number concentration (more than 18 000 cm™)
relationship between aerosol number and PM,, concent-
rations was linear (Fig 7). A similar linear relationship
was found by other investigators [19-22].
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Fig 7. Relationship between aerosol number (N) and PM,
concentrations

The obtained results of PM, increase of 1,7 pg/m’
for every additional 1000 particles cm™ agree with the
results observed at the urban background locations in
Birmingham, UK [21], where an increase of PM,, of
0,4 pg/m’® for every additional 1000 particles cm™ was
found. In Delhi [23], the PM,, concentration increased at
a rate of about 3,5 pg/m’ for every additional 1000 partic-
les cm™ when the PM,, concentration was below
250 pg/m’.

Fig 8 shows an average daily variation of aerosol
number and PM, concentrations during 14-24 October.
The diurnal patterns of N concentration showed a direct
relationship with the traffic density with indications of
elevated concentrations during the traffic rush hours
which started early in the morning (between 05:00 and
06:00). During the next hours the N level varied margi-
nally till 12:00. Two clear peaks were observed during
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Fig 8. Average daily variation of aerosol number (N) and PM;, mass concentrations on 14-24 October 2005

lunchtime 12:00-14:00. Then the N level dropped and
began to rise in the evening at about 19:00. Some fluctua-
tions were observed before midnight, and after 24:00 the
concentration decreased up to the lowest level at 4:00. A
similar average diurnal change of PM,, concentration was
observed during 14-24 October.

3.4. Sources of PM;,

The PM,, concentration level at an urban site in
principle is formed from the regional background level,
urban background level and local sources of PM;,. The
influence of these three sources on PM,q level can be
different in separate cities. This influence could be seen
in the frequency distribution of PM;, concentrations.

O measurement data

Total (regional+urban-+local)
—— Urban background

------------ Local sources

————————— Regional background

1400 -

Number of measurements
[0
o
(=)
1

20 40 60 80 100
Concentration, ug/m3

Fig 9. Frequency distribution of half-hour PM;, mass
concentration in Siauliai on June—October 2005. The sta-
tistical parameters for the Gaussian fits are given in Table

The frequency distribution of the half-hour mean of
PM,, mass concentration obtained at Siauliai city monito-
ring station during June—October of 2005 was investiga-
ted (Fig9). The analysis showed that it could not be
described by a simple normal Gaussian distribution,
which was set if PM;, concentration were determined
only by natural sources, ie if no local anthropogenic

source were present at the site. Further analysis showed
that experimental data could be described by a sum of
three bell-shaped curves (Eq 1) like the normal Gaussian
distribution with a different center of the peak and stan-
dard deviation.

A
Y=Yo+t
T
W. R
\/;

where y, — baseline offset, A — total area under curve
baseline, x, — center of the peak, w* — “sigma”, approxi-
mately 0.849 the width of the peak at half height.

This model describes a bell-shaped curve like the
normal (Gaussian) probability distribution function. The
center x, represents the mean, while w” is the standard
deviation.

The obtained results revealed three prevailing groups
of PM,, mass concentrations, i e those with the mean of
16 pg/m’, 27 ug/m® and 38 pg/m’. As it is found by inves-
tigations [8], average PM,, levels at regional background
sites in Europe range from 14 to 24 pug/m’, with the excep-
tion of Sweden where the PM;, levels were lower (8—
16 pg/m®). This fact allows to propose that the PM, group
with the mean of 16 pg/m’ can be associated with broad-
based European PM, background concentration.

The second group could be associated with Siauliai
urban background concentration with the mean of
28 pg/m’. This value is close to other urban background
value, which according to [8] varied around 25 pg/m’.
The third group could be related with local PM,, sources,
for example, traffic, re-suspended dust, domestic fuel
burning and others. The mean concentration of this group
is 38 pg/m’. This value is close to the value in Central
and North European countries where it varies at an inter-
val of 26-53 pg/m’.

The total area under curve, which outlines the sepa-
rate PM, group distribution in Fig 9, enables us to esti-
mate the contribution of an individual group to the total
PM,q level.

2(x7x0 )2

e w
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Statistical parameters for the Gaussian fits to regional background, urban background and local sources of PM10 concentrations

PARAMETER Regional background Urban background Local sources
y0 (baseline offset) 0x0 0x0 00
x (centre of peak) 15,48 + 1,61 26,78 + 1,76 37,53 + 6,39
w (width of the peak at half height) 10,64 = 1,74 12,93 +2,25 29,47 + 5,87
A (area under peak) 9628,58 +4781,98 15376,75 + 5271,72 11432,81 + 4670,30

Analysis shows that for the Siauliai station, the re-
gional, urban background and local contributions to the
total PM,, are estimated to be 36 %, 30 % and 34 %,
respectively, during June—October of 2005. It should be
noted, that this proportion is somewhat different during
summer months: 46 %, 30 % and 24 %, respectively, and
this proportion can be different for each country and even
city [24].

This method allows to define which part of the mea-
sured PM,, concentration can be controled. It is evident
that the control of the regional background PM;, concent-
ration is practically impossible. However, the influence of
the other two sources can be reduced by local means.

4. Conclusions

1. The analysis of the PM;, mass concentration
showed that the weekdays-weekends phenomenon was
observed in Siauliai. The mean concentration of PM;j
mass concentrations on weekdays was higher in compari-
son with concentration at weekends, 24,6 ug/m3 and
21 pg/m’, respectively.

2. Clear relationship between PM;, mass concentra-
tion and the wind parameters (speed and direction) was
found. The wind as well as PM;, concentration was not
registered in the direction of 360°-30°.

3. Linear relationship between aerosol number and
PM,, mass concentrations was found at a high particle
number concentration (more than 18 000 cm’3).

4. Analysis shows that PM, level in Siauliai is for-
med from three sources: the regional background, city
background, and local sources. These contributions to the
total PM;, mass concentration were estimated to be 36 %,
30 % and 34 %, respectively, during June-October of
2005.
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PM;, MASINES IR AEROZOLIO SKAITINES KONCENTRACLJU KITIMAI SIAULIUOSE
R. Girgzdiené, R. Rameikyté
Santrauka

Remiantis Valstybinio oro monitoringo duomenimis, gautais Siauliy stotyje, atlikta PM;o masinés koncentracijos poky&iu
analizé. Papildomo eksperimento metu lygiagre¢iai matuota aerozolio (d > 0,4 um) skaitiné koncentracija Siauliuose.
PM,, koncentracijos analizé parodeé, kad per savaite ji kito, t. y. buvo nustatytas savaitgalio efektas. Vidutiné PM,, masiné
koncentracija darbo dienomis buvo didesné, palyginti su koncentracija savaitgaliais, atitinkamai 24,6 pug/m® ir 21 pg/m®,
Nustatytas rySys tarp PM;y masinés koncentracijos ir véjo parametry (greicio ir krypties). Parodyta, kad prietaisai, esantys
Sioje stotyje, dél jos specifinés padéties neregistruoja véjo ir kartu PM, koncentracijos 360°-30° krypties. Nustatytas tie-
sinis rySys tarp aerozolio skaitinés ir PM,;, masinés koncentracijos, kai aerozolio skaitiné koncentracija virSija
18 000 daleliy/cm®. Gauta, kad, padidéjus aerozolio skaitinei koncentracijai 1 000 daleliy/cm®, PM ;o masiné koncentracija
iSauga apytikriai 1,7 pg/m®. PM,, lygis Siauliuose gali biiti charakterizuotas kaip triju Saltiniy suma: regiono foninio, mie-
sto foninio ir vietinio. 2005 m. birZelio—spalio mén. §iy $altiniy indélis { PM;, koncentracijos lygi buvo jvertintas apytik-
riai atitinkamai 36 %, 30 % ir 34 %.

ReikSminiai Zodziai: PM,,, aerozolio skaitiné koncentracija, savaitgalio efektas, dieniniai svyravimai, savaitiniai svyra-
vimai, PM,, Saltiniai.

W3MEHEHHE MACCOBOM U CYUETHOM KOHIIEHTPAIIMM A3PO30.15 PM;, B INAYJIAN
P. I'mprxnene, P. Pameiikure
Peswome

[MpoBenén ananu3 MaccoBoi koHIEeHTpanuu PM . CuéTHas KOHIEHTpAIMs a’po30ist OblIa M3MEpeHa B TeUEHUE JECATH-
JTHEBHOTO 3KCHEepPUMEHTa. AHaNn3 MoKa3al U3MEHEHUs B paclpeaeIeHn MacCoBOM KOHIeHTpauun PM;, B TeueHue He-
memn. CpefHsis MaccoBas KOHUEHTpauus PMy B TeueHue pabounx AHeil Obuta Bbime (24,6 MKI/M®) 1O CPABHEHHIO C
KOHILIEHTpauueil B BeIxoaHble AHU (21 Mkr/m). Bbina HaliieHa OTYeTINBas CBA3b MEXIy MaccoBoil KoHIeHTpauein PM g
Y TapaMeTpamMH BeTpa (CKOPOCTBIO UM HalpaBieHHEeM). BhIsSBIeHO JMHEHHOE COOTHOIIEHHE MEXAY CUETHOW KOHLEHTpa-
LeH a3PO30Is M MacCOBOI KOHIGHTpalmeit PM o IpH BBICOKOH KOHIEHTpAInH dacThIsl (Gombme 18 000 wactii/em °).
Yposenp koHueHTpauun PM o B Lllsynsii Obl1 ompenesieH Kak CyMMa TpeX NCTOYHHKOB: PETHOHAIBHOTO, TOPOJCKOTO U
MECTHOTO. BKiaj HCTOUHHKOB B 00IIyI0 MaccoByI0 KoHIeHTpauo PM, coctasun 36 %, 30 % u 34 % B TeueHHe HIOHSI—
okTs16ps 2005 roxa.

Kawuessblie cioBa: PM;, cuéTHas KOHIEHTpanUs adpo30iis, 3Q(GEeKT KOHIA HEJIeNH, CYTOYHOE U3MEHEHHE, HellelIbHOe
U3MEHEHUE, HICTOYHUKHA PM .
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