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Abstract. The expansion of Vilnius creates the need for the installation of new parking facilities. This problem could be
solved by establishing guarded parking-lots or modern underground and multi-storey garages, in order to economize
useful land and comply with the requirements of environmentalists.

Investigation was carried out on parking-lots of Vilnius. All the guarded parking-lots are divided into three types in
accordance with the size of the lot and the type of vehicles parked on it. Measurements were carried out at a lot of each
type. The concentrations of hydrocarbons, nitric oxide, carbon monoxide and dust were measured.

Guarded parking-lots located at the crossroad of Ateities and L. Giros streets, on Architekty and C. Sugiharos streets
were selected for the investigation. The parking-lot located at the crossroad of Ateities and L. Giros streets had the
highest concentration of nitric oxide overrunning the permitted concentration up to 1,9 times. Besides, the concentration
of carbon monoxide and hydrocarbons also overran the permitted norms. The lowest concentrations were found after

measuring dust concentration in the air.
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1. Introduction

As demonstrated by the statistical data, transport is
one of the main factors having an impact on the air qual-
ity and climate change all over Europe. Transport has
the heaviest impact on the air through the emission of
nitric oxides, carbon monoxide, and volatile organic com-
pounds (VOC). Industrial emissions are found in higher
layers of the atmosphere, where they get dispersed over
a large area, meanwhile transport gas emissions may
concentrate in the layer close to the ground and, thus,
has a direct impact on human health [1].

The number of vehicles is the main indicator defin-
ing the agents. During the last 5 years of the last cen-
tury, the number of cars recorded at the Traffic Police
went up by about 40 %. Obviously, their certain part is
not continually maintained. Thus, the real situation is
reflected by the volume of transport fuel. From 1996 to
2000 the number of cars rose by about 49 %. The num-
ber of cars older than 10 years was 1055,7 thousand,
and it accounted for about 90 % of the total number of
cars. In 1997 the number of such cars was 84 % in
Lithuania, and 80 % and 71 % in Latvia and Estonia,
accordingly. Although the number of maintained cars has
gone up in Lithuania, the total volume of consumed fuel

has gone down by 6 %. This reveals that the use of
vehicles has become more efficient [2].

In Lithuania, like in most countries, mobile pollu-
tion sources are the main source of emission into the
atmosphere. In 2000 road transport accounted for the
main part of emissions, i ¢ 97 %, and other vehicles
(railway, ships, aircraft, etc) account only for 3 %.

The structure of pollutants has remained similar to
that of the previous years. The greatest share falls to
carbon monoxide (CO) — 73,8 %, nitric oxides — 13,2 %
and volatile organic compounds (VOC) — 12,9 % [3].

In 2000 dieseline accounted for the biggest share
of fuel used for vehicles — approximately 50 %. In 2000
the use of liquefied gas in transport increased by 76 %,
compared with 1996. Although the number of cars has
increased in Lithuania, the total volume of the consumed
fuel has fallen by 6 %, compared with 1996. Reduction
in the total amount of the fuel consumed was followed
by reduction in emissions from mobile pollution sources
[4].

Of all the environmental components, the atmo-
sphere is most affected by pollution. The atmosphere is
polluted with gas emissions, dust caused by tire wear,
pavement wear and wear of vehicle construction ele-
ments.
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Burning transport fuel emits carbon monoxide
(80 %), hydrocarbons (15 %), nitric oxides (5 %) and
inconsiderable amounts of lead, benzopyrene and other
toxic materials.

Compared with industrial enterprises, it is hardly
possible to catch toxic substances emitted from vehicles
(especially if they do not have neutralizers), thus they
are emitted into the atmosphere.

Car engine oxides contain 280 components that by
their impact on human health are divided into non-toxic
(N,, 0,, CO,, H,0, H,) and toxic (CO, CH, NO,, SO,,
H,C, C, aldehydes, etc).

These components react with one another and with
atmosphere components and produce new toxic materi-
als: sulphates, nitrates, ozone, acids, photo-oxidants, etc.

Toxic materials pollute not only the site on which
cars are parked but a much bigger area. The area de-
pends on the geographical position of parking facilities,
on relief, meteorological conditions, the urbanization
level of the area (building density and height) [5].

With an annually increasing level of motorization,
Vilnius encounters a growing problem related to car
parking. This problem is especially acute for those liv-
ing and working in the downtown of Vilnius [6]. At
present, the car-parking problem is being solved by build-
ing underground parking facilities right in the downtown,
under its squares and buildings.

With the expansion of Vilnius, the need for new
parking-lots is continually growing. Due to the expan-
sion of the city, metal garages covering vast areas and
spoiling the landscape will be removed. It will be nec-
essary to build new facilities for car parking. This prob-
lem could be dealt with by building guarded parking-
lots or underground or multi-storey garages using less
useful land space and complying with environmental re-
quirements.

As at present a lot of cars are parked on guarded
parking-lots, it is important to analyze the existing net-
work of such facilities in Vilnius as well as to deter-
mine the surrounding environment.

The investigation was aimed at estimation and eva-
luation of the level of atmosphere pollution at parking-
lots of Vilnius.

2. Investigation methods

The total concentration of hydrocarbons was deter-
mined with the help of the method of chromatographic
analysis.

The methods were used for the determination of
the concentration of aliphatic C1-C8 and aromatic
C6-C8 hydrocarbons. The measuring range was
50-30 000 mg/m>.

Conditions for chromatographic analysis:

Chromatographic column: a glass (length 3 m, di-
ameter 2 mm) filled with 15 % carbowax 1500 put on a
chromatogrophe N - AW;

Thermostat temperature 100 °C;

Temperature of a gas detector and evaporator 200 °C;

Gas carrier (nitrogen) flow velocity 23 ml/min;

Hydrogen flow velocity 21 ml/min;

Air flow velocity 200 ml/min.

A sample was taken into glass pipettes. At the same
time, the temperature and pressure of the emitted gas
were measured. The sample, when brought, was analysed
with the help of a gas chromatograph with the flame
ionization detector //[BET-500M.

The total concentration of hydrocarbons was deter-
mined by using a calibration diagram in which the peak
height depended on hexane concentration recalculated
into carbon atoms by the method of absolute calibra-
tion.

The sample was put into the gas chromatograph with
a medical syringe. The sample was chromatographed
5 times. The total concentration of hydrocarbons
(C mg/m?), recalculated into carbon atom number in the
sample was determined from the calibration diagram,
taking into consideration peak heights.

A photometric method was used for the determina-
tion of nitric oxide concentration.

For the analysis, the air was being drawn in for
5 minutes with an aspirator at a speed of 0,2 1/min
through two absorption vessels filled with 10 ml 8 %
KJ solution.

The sample brought was analysed with the pho-
tocolorimeter KFK-2 MP. The optic density was mea-
sured with the wavelength equal to 520 nm. Taking into
consideration the obtained values, nitric dioxide concen-
tration, |Lg, was determined form the calibration curve.

Carbon monoxide concentration in the air was de-
termined by taking the air samples into a ball chamber and
proceeding their analysis with the potentiometric gas ana-
lyzer Ilanaouii-3. This device was used for measuring
carbon monoxide (CO) in the atmosphere and in the air
of production premises. The mixture of the gas analysed
should not contain hydrogen gas. The measuring range of
the device is 0-50 mg/m?, its error does not exceed
0,375 mg/m? when the concentration of the gas measured
is 0-3 mg/m? and does not exceed 0,75 mg/m> when gas
concentration is 3—10 mg/m>. The readings of the device
are proportional to the strength of the current that is gen-
erated during carbon monoxide (CO) oxidation on a work-
ing electrode.

Dust concentration was determined with the help
of weighted (gravimetric) method.

The ADA-BII filter was used for the determination
of dust concentration. The air analysed was being drawn
in for 10 minutes through an aspirator at the a speed of
20 1/min.

Before the analysis the filters weighed on an ana-
lytical scale were kept in a desiccator for 1 hour. The
filters brought for the analysis were kept in a desiccator
for 24 hours, then 2 hours prior to weighing they were
kept in the premises of weighing. The weighing of the
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filters was followed by dust concentration calculations.

Taking air samples for analysis, a different number
and layout of measuring points were selected at differ-
ent parking facilities. That depended on various factors:
the relief of a location, the size of facilities, their con-
figuration, and the intensity of car mobility in the facili-
ties. Mostly, the number of measuring points depended
on the size of the facilities at which air pollution mea-
suring was carried out — the bigger the area, the greater
the number of measuring points.

3. Results

All guarded and biggest parking-lots are divided into
certain types in accordance with the type of vehicles
parked on them and the size of a lot. By vehicle types,
the lots are divided into two types: for light-vehicle park-
ing and for heavy and special vehicle parking. By the
size, parking-lots are divided into 3 types: for up to
50 vehicles, 50-100 vehicles and for more than 100 ve-
hicles. Each type of lots was chosen for measurements.

The guarded parking-lot located at the crossroad
of Ateities and L. Giros streets (Fig 1), intended for light,
cargo and special vehicles, was chosen as it was at the
closest distance from residential multi-storey houses, ad-
ministrative buildings and might have the nearest im-
pact on the environment and human beings.

Location of the parking-lot. On the northern side, a
S-storey residential building is located 20 meters away
from the facilities. This side of the facilities is planted
with trees. On the eastern side, administrative buildings
are located close to the facilities. On the southeastern

Fig 1. Guarded parking-lot at Ateities and L.Giros str
crossroad

side, Ateities street is located with a grove on the other
side of the street. On the southwestern side, a school is
located 150 away from the facilities. The western and
northern sides neighbour upon L. Giros street. On the
western side, multi-storey residential buildings are lo-
cated 40 meters away from the facilities. Further, pri-
vate residential houses are located along L. Giros street.

Measurements were taken at 6 points. They were
taken in series; at each point measurements were taken
three times. A break of 20-30 minutes was taken be-
tween the series. Almost at all the points concentrations
overran the permitted norms set in hygiene requirements
with regard to the ambient air. Fig 2 shows the extent at
which materials overran the permitted concentrations [4].

L I N
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Fig 2. Overrun of substance concentrations at Ateities and
L.Giros str parking-lot

The diagram shows that nitric oxide overran the
highest permitted concentrations up to 1,9 times, which
was the highest overrun compared with other substances.
The lowest overrun of the highest permitted concentra-
tions was seen in the case of dust (particle matter); at
some measuring points within the area of the facilities
dust concentration did not overrun the permitted level.
At several measuring points (No 1, No 2 and No 3)
hydrocarbon concentration did not overrun the permit-
ted norms either.

The measurement results allow to draw a conclu-
sion that the neighbouring Ateities and L. Giros streets
have a heavy impact on the air pollution at this guarded
parking-lot. Cargo and special vehicles parked in the
parking area in question accounts for the major part of
air pollution.

Of the guarded parking-lots intended for more than
100 cars, the lot located on Architekty street was cho-
sen for study (Fig 3).

Location of the guarded parking-lot. On the north-
eastern side, a 12-storey residential building is located
10 meters away from the lot. On the southeastern side, a
grove is located. On the southern side, a 12-storey resi-
dential house is located. On the western side, a grove and
a 5-storey residential building are located approximately
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Fig 3. Guarded parking-lot on Architekty str

60 meters away from the lot. This house is separated from
the lot by Architekty street. Underground garages are built
under % of the lot. Part of the lot (on the side of Architekty
street) is planted with deciduous trees. The mean concen-
trations of hydrocarbons fluctuate from 3,12 mg/m?3 to
3,56 mg/m3, of nitric oxide — from 0,068 mg/m3 to
0,084 mg/m?, of carbon monoxide — from 4,5 mg/m? to
5,1 mg/m?, and of dust — from 0,07 mg/m?> to 0,11 mg/m?.

During the investigation the highest pollutant con-
centrations were found at the measuring point 2, which
was 30 m away from the lot, on the other side of
Architekty street. At that point, the concentration of
hydrocarbons was 3,56 mg/m?, of nitric oxide —
0,084 mg/m?, of carbon monoxide — 5,1 mg/m>® and of
dust (particle matter) — 0,11 mg/m>. The lowest concen-
trations were seen at the measuring point 4. This point
was at the biggest distance away form Architekty street,
besides, no potential air pollution sources were found
on the other side of the measuring point 4, as a grove
was located there.

The concentrations measured at the remaining points
(No 3 and No 5) were similar. At the measuring point,
concentrations slightly overran those at the measuring
point 3, as this measuring point was located closer to
the entrance into the parking-lot.

The diagram in Fig 4 shows the distribution of pol-
lutant concentrations at the measuring points.

The diagram shows that pollutant concentrations did
not overrun the permitted norms set in hygiene require-
ments, except the concentration of carbon monoxide (CO)
at the measuring point 2 (2 % overrun). This could be
explained by the fact that the increase in concentrations
at this measuring point was also determined by motor
transport passing along Architekty street.

The guarded parking-lot located on C. Sugiharos
street (Fig 5) was chosen due to the fact that the inves-
tigation results on that lot were not influenced by any
other factors. No streets with heavy traffic, residential
houses or other buildings and potential sources of pollu-

Fig 4. Overrun of substance concentrations at a guarded
parking-lot on Architekty str

Fig 5. Guarded parking-lot on C. Sugiharos str

tion were found close to the lot. Thus, the results of the
investigation carried out at that lot revealed the pollution
level only at the parking-lot in question. The mean con-
centrations for hydrocarbons fluctuated from 1,93 mg/m?
to 2,46 mg/m?, for nitric oxide — from 0,065 mg/m? to
0,080 mg/m3, for carbon monoxide — from 3,2 mg/m? to
4,8 mg/m3 and for dust — from 0,04 mg/m? to
0,09 mg/m?.

The highest permitted pollutant concentrations were
found at the measuring point 5. This measuring point
was located at the closest distance from the entrance
(exit) in the lot, so the number of passing vehicles was
the highest there. The lowest pollution concentrations
were found at the measuring points 8 and 9. The latter
measuring point was most far away from the area under
study, i e 50 meters away. The measuring point 8 was
located 25 meters away from the lot, and it was rather
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Fig 6. Overrun of substance concentrations at a guarded
parking-lot on Sugiharos str

close to the grove. At the remaining points similar con-
centrations were observed.

The measurement results reveal that the highest
permitted concentrations were not overrun at any point.
Pollution concentrations are seen on the diagram below
(Fig 6).

A conclusion on the impact of parking-lots of
Vilnius on air pollution might be drawn from the results
of pollution concentration measurements at typical
guarded parking-lots. From the obtained findings, it is
evident that the concentration of pollutants — hydrocar-
bons, carbon monoxide and nitric oxide — at the cross-
road of Ateities and L. Giros streets overran the permit-
ted hygiene norms, while dust concentrations were al-
most within the required norms. The measurements car-
ried out at the parking-lots located on Architekty and
C. Sugiharos streets show that pollutant concentrations
did not overrun the permitted hygiene norms and
were lower than those at the parking-lots near the cross-
road of Ateities and L.Giros streets. Most of the pollut-
ant concentrations measured were influenced by streets
located in close vicinity of parking-lots as well as by
the type of vehicles parked there. The closer was a street
and the heavier traffic it had, the higher were pollutant
concentrations. Higher concentrations of pollutants were
observed in areas where heavy or special vehicles were
parked as well as at entrances into parking-lots. The high-
est overrun was observed when measuring carbon mon-
oxide and nitric oxide. Hydrocarbons and dust concen-
trations did not overrun the permitted hygiene require-
ments and only at the measuring points located close to
streets they were slightly higher.

4. Conclusions

1.The investigation results reveal that the concen-
trations of pollutants — hydrocarbons, carbon monoxide
and nitric oxide — overran the permitted hygiene norms
almost twice (nitric oxide — 1,9 times, carbon monox-
ide — 1,6 times, and hydrocarbons — 1,4 times), while
dust concentrations in the atmosphere were almost within
the permitted hygiene norms.

2. Measuriements carried out on Architekty and
C. Sugiharos streets reveal that pollutant concentrations
did not overrun the permitted hygiene requirements
(mean concentrations for hydrocarbons are 1,98 mg/m?,
for nitric oxide — 0,071 mg/m?, for carbon monoxide —
3,8 mg/m? and for dust — 0,06 mg/m3).

3. Streets located in close vicinity of parking-lots
had the highest influence on pollutant concentrations;
besides, the concentrations depended on the type of ve-
hicles parked.

4. Higher concentrations of pollutants were ob-
served in the areas where heavy or special vehicles were
parked as well as at entrances into parking-lots.

5. The highest overrun of the permitted concentra-
tions was observed in the case of carbon monoxide and
nitric oxide. On the average, carbon monoxide overran
the permitted concentrations 1,2 time, and nitric oxide —
1,1 time.
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ORO TARSA VILNIAUS AUTOMOBILIY STOVEJIMO
AIKSTELESE

P. Baltrénas, D. Kaziukoniené, M. Kvasauskas

Santrauka

Vilniui pleciantis, kyla vis didesnis naujy automobiliy
parkavimo viety poreikis. Siai problemai spresti gali bti jrengtos
saugomos automobiliy aikstelés arba, sickiant kuo mazesniy
naudingos zemés sanaudy ir laikantis gamtosauginiy reikalavimuy,
pozeminiai ar keliy auksty Siuolaikiniai garazai.

Tyrimai buvo atlickami Vilniaus automobiliy stovéjimo
aikstelése. Visos saugomos automobiliy stovéjimo aikstelés
suskirstytos { tipus pagal jose laikomo transporto tipa ir aiksteliy
dydi. Matavimams pasirinkta po vieng kiekvieno tipo aikstelg.
Nustatyta angliavandeniliy, azoto oksido, anglies monoksido ir
dulkiy koncentracijos.

Tyrimams pasirinktos saugomos automobiliy stovéjimo
aiksStelés prie Ateities ir L. Giros gatviy sankryzos, Architekty
bei C. Sugiharos gatvése. Ateities ir L. Giros gatviy sankryZoje
esancioje aiksteléje didziausios azoto oksido koncentracijos
(leistingsias virSija iki 1,9 karto). Leistinasias koncentracijas
virsija ir anglies monoksidas bei angliavandeniliai. MaZiausios
reik§més nustatytos iSmatavus dulkiy koncentracijas atmosferos
ore.

RaktazZodziai: oro tarSa, mobilieji tarSos Saltiniai, anglies
monoksidas, azoto oksidas, angliavandeniliai, dulkés.

3AT'PS3BHEHUE BO3YXA HA IIVIOINAJAKAX
ABTOMOBWIEHA B I'. BWIBHIOCE

II. Baarpenac, JI. Kaziokonene, M. KBacayckac

Pesmome

B cBsi3u ¢ pacmmmpenuem ropona BuibHIOCa BO3HHKaeT Bce
OoJiblliasi Hy’KIa B HOBBIX MeCTaX JJIsl MApKOBKHA aBTOMOOMIICH.
YrtoObl penuTth 3Ty mpobiieMy, MOKHO CTPOHUTH OXpaHsIeMble
IJIOMIAAKK IS aBTOMOOMJIEH WM MOA3EMHBIE Iapaku B
HECKOJIBKO JTa)kKel, JOOMBAasCh HMCIOJB30BAHHMS MHHUMAJIBHOM
MOJIE3HOW IUIOWAAW W TMPUIACPKUBASCH MPHUPOAOOXPAHHBIX
TpeboBaHHI.

B nmensx mccnenoBaHus Bce OXpaHsIEMBbIC IDIOMAAKH IS
aBToMoOuieii BunpHroca OBINMHM pa3felieHBl IO THIIAM
TpaHCHoOpTa U pasmepaM. s maMepeHuit ObUIO BHIOPAHO IO
OJHON IIOINaAKe KaXAOTo THHa — Ha yinunax Areirtec,
JI. Tupoc, Apxurektry u Y. Cyruxapoc. M3Mepsinch KOHIIEHT-
paluH OKHCH a30Ta, MOHOKCHIA yriieposa ¥ mbutd. CaMbie 60ITb-
1K€ KOHIEHTPAIMM OKHCHU a30Ta OBbLIM 3aperucTpUpPOBaHbI HA
wiomaake y nepekpecrka ynuu Areiirec u JI. I'mpsl. Konuent-
pauvy MOHOKCHJA YIJepoja M YIJIEBOAOPOAA MpPEBbILIAIN
JIOITYCTUMbIE HOPMBI, 8 KOHLIEHTPALUs OKUCH a30Ta IpeBbIliaa
HOpMy naxe B 1,9 pasza. Camoli MasieHbKO# ObliTa KOHIICHTPALHUS
MBUTH B BO3AyXe arMOC(epsl.

KuroueBble cj10Ba: 3arps3HEHNE BO3AYyXa, MOOMIIBHEIC HC-
TOYHHKH 3arPsI3HEHHUH, MOHOKCH]I YIJIEPO/Ia, YIIICBOAOPOI, TBLITb.



