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Abstract. Air pollution is one of the main reasons of pulmonary diseases, malignant tumours, allergic and other chronic
deceases. In 2003, with the help of a mobile laboratory, investigation on air pollution and its distribution in Ðiauliai city
environment was accomplished. Measurements were performed once a month in exploratory positions deployed at 1 km
intervals one from another. Average onetime annual pollutant concentration was measured, estimating one square kilometer. Concentration of CO in Ðiauliai surroundings varied from 0,5 mg/m³ to 5,8 mg/m³ or by 51 % of Ðiauliai area
varied from 0,8 mg/m³ to 1,4 mg/m³. Concentration of NO2 varied from 0,005 mg/m³ to 0,84 mg/m³ or by 57 % of the
city area it varied from 0,010 mg/m³ to 0,020 mg/m³. Concentration of NO varied from 0,003 mg/m³ to 0,495 mg/m³.
Concentration of SO2 varied from 0,0015 mg/m³ to 0,012 mg/m³. Concentration of O 3 varied from 0,022 mg/m³ to
0,134 mg/m³. The total concentration of hydrocarbons varied from 1,5 ppm to 3,5 ppm. The highest level of pollution
was observed in the central part of the city.
Keywords: environmental air pollution, maximum permissible pollutant concentration (MPPC), carbon monoxide (CO),
nitric oxides (NO, NO2), ozone (O3), sulphur dioxide (SO2), measurement interval, pollutant concentration.

1. Introduction
Human activities in harmony with nature have a
great impact on persons health and on the quality of
life [1]. The main requirements for a healthy environment were set in the United Nations Movement Programme (Agenda 21) in 1992. The first one among them
is fresh air. This is a fundamental component of the environment sustaining life. We filtrate 12 m³ of it trough
our lungs every day. Constantly respiring polluted air,
noxious substances are gradually accumulating in our
organisms, and that is one of the main reasons of pulmonary deceases, malignant tumours, allergic and other
chronic diseases [1, 2].
According to the World Health Organization statistics, 1500 mln people live in cities with high air pollutant concentrations, hazardous to people [3, 4]. One of
the main principles while developing cities in chime is
ecological thinking [3, 5]. This is a complex system
which consists of energy, natural resources and pollution. In 2003 in Ðiauliai stationary polluters (44 reporting enterprises) discharged 1303 t of pollutants, 344 t of
which were carbon monoxides, 160 t  nitric oxides,

5,4 t  sulphur dioxides [6]. One of the biggest stationary environment polluters is power industry. In Ðiauliai
they are boiler-houses. The dislocation of the biggest
polluters in Ðiauliai in 2003 is shown in Table 1, and
their total amount of exhausted pollutants during one
year are presented in the Table.
Table 1. Total amount of pollutants discharged by the biggest
polluters in Ðiauliai in 2003
Co nditio nal po lluter
deno tatio n in Fig 1

To tal amo unt o f po llutants discharged
in 2003, to ns

1

3 3 0 ,6

2

9 6 ,0

3

3 7 ,0

4

2 1 ,5

5

1 7 ,1

6

1 2 ,5

7

1 2 ,4

8

1 2 ,1

9

1 1 ,6

10

1 0 ,4
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The biggest stationary polluters are situated in the
southern and northern industrial districts of the city.
Discharge of pollutants into the atmosphere, because
of economic depression and more efficient consumption
of energetic resources, declined 3 times during the last
ten years, and from stationary polluters  5 times [7].
Though, production energy expenditures and air pollution quotas, while making one unit of gross national
product, in comparison with other European countries,
so far is 1,52 times bigger. It is quite often perceptible, that the increase of nitric dioxides in the air and
dust concentration is influenced by old and inefficient
traffic regulation systems and by increasing number of
cars in tows, including Ðiauliai [710].
Atmosphere pollution in Lithuania is also influenced
by the transportation of distant masses of polluted air
from other countries. Lithuania is on the motional way
of polluted air concentrations.
The main act of law, regulating protection of air
quality in Lithuania, is the Law of Environment on Air
Protection (14 November 1999, No 7  1392). It determines the human right to fresh air, duty to prevent air
pollution induced by human activities and to reduce their
effects on human health and environment [11]. The Law
conveys the essential principles of the EU Environmental Protection Plan and directives of the Air Sector.

Moreover, it reflects air protection and its quality regulation requirements. The Environment Monitoring Law
of the Republic of Lithuania (20 November 1997, No 8
 529) regulates the environment monitoring control, data
quality securing, environment monitoring informational
data standardization, accumulation and saving. While
performing the state air monitoring program, air quality
investigation is performed at an air quality study station
which is equipped with modern, according to EU requirements, installation. Air pollutant concentration is
measured uninterruptedly for twenty-four hours a day.
The objectives of the investigation are to analyse
pollution of Ðiauliai with CO, NO, NO2, SO2, O3 and
with total amount of hydrocarbons, to evaluate pollutant
dispersal and pollution alternation tendencies.
2. Investigation methodology
Environmental air quality measurements are performed at a fixed station, i e in one steady place. With
the purpose of evaluating the discharge of pollutants in
the city area, measurements must be performed periodically at gradually distributed places.
Environmental air pollution measurements were
performed with the help of a mobile laboratory installed
in a minibus Daimler Benz 709D which included:

Stationary pollution sources with the following total pollution in 2003:

Fig 1. Location scheme of itinerary posts and stationary polluters during environmental investigation with mobile laboratory

L. Paulauskas, R. Klimas / Journal of Environmental Engineering and Landscape Management  2005, Vol XIII, No 1, 1722

1.Therma electron Instruments GFC carbon monoxide (CO) in the environment air analyzer MODEL 48,
measuring interval 01000 ppm (parts per million).
2.Environment SA chemiliuminiscensic nitric
oxides (NO, NO2) analyzer AC 30M, measuring interval 010 ppm.
3.Dasibi Environmental Corp ozone (O3) analyzer
1008, measuring interval 0,1 ppm.
4.Monitor Labs sulphur dioxide (SO 2) analyzer
MODEL 8850, measuring interval 0,10 ppm.
5.Heriba environment hydrocarbons (methane, the
total concentration of hydrocarbons) analyzer APHA 
300E, measurement interval 0,50 ppm.
During measurements at the dimensional places,
in parallel the following meteorological conditions were
fixed: temperature, wind speed, direction pressure and
humidity.
The scheme of the investigation was arranged according to Nuremberg (Germany) chemical investigation
practice in performing the assessment of environmental
air quality with the help of a mobile laboratory. In accordance with that, the map of Ðiauliai territory is overlaid with a 1 km interval grid (Fig 1), itinerary measuring posts were installed at the nodal points.
The work schedule at the itinerary posts was arranged so, that 12 measurements were performed in every nodal post during the year. The total number of such
posts is 48. After the fulfillment of all the work schemes,
using a computer programme ANACOMP, an average air pollution was calculated in an area of one square
kilometer.
The estimated air pollutant concentrations were
compared with Lithuanian Hygiene Norms HN 35:2002
Living Environment Air Pollutant Concentration Marginal Values. They are one-time and measured for
twenty-four hours MPV (MPV is the air pollution marginal value in the living environment, set from a sample
taken during some period of time. One-time MPV is a
marginal pollution value set from a sample taken in the
living environment during 2030 minutes). Measured
marginal values are listed in Table 2.
3. Investigation results and analysis
The data of environmental air investigation with the
help of a mobile laboratory in Ðiauliai in 2003 are available on the site www.Siauliai.lt
Carbon monoxide (CO). An average distribution
of CO concentration in Ðiauliai environment in 2003 is
presented in Fig 2.
One-time concentration of CO in the environment
of the city varied from 0,5 mg/m³ to 5,8 mg/m³, i e
from 0,1 MPV to 1,16 MPV. The highest one-time concentration of CO was registered on the 15th of October
in the environment areas E2, E3, F2, F3 and E5, E6,
F5, F6.
After dividing an average annual change interval
of CO concentration into 8 parts (each of 0,2 mg/m³),
the following territorial division of the city was obtained
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Table 2. Marginal values of environmental air pollutants
No

Sub stance name

1.

Carb on monoxide (CO)

T he highest permissib le
concentration, mg/m³
during
one-time
24 h a d a y
5

3

2.

Nitric oxide (NO)

0 ,4

0 ,0 6

3.

Nitric dioxide (NO2)

0 ,0 8 5

0 ,0 4 0

4.

Sulphur dioxide (SO2)

0 ,5 0

0 ,1 5

5.

O z o n e (O 3 )

0 ,1 6

0 ,0 3

in percentage: CO concentration from 0,6 mg/m³ to
0,8 mg/m³ is 9 % of the city area; from 0,8 mg/m³ to
1,0 mg/m³  21 %; from 1,0 mg/m³ to 1,2 mg/m³  24;
from 1,2 mg/m³ to 1,4 mg/m³  16 %; from 1,4 mg/m³
to 1,6 mg/m³  15 %; from 1,6 mg/m³ to 1,8 mg/m³ 
11 %; from 2,0 mg/m³ to 2,4 mg/m³  1%. In 51 % of
the city area CO concentration varies from 0,8 mg/m³ to
1,4 mg/m³.
An average annual concentration of CO in the environmental air of Ðiauliai in 2003 increased by 3 % in
comparison with 2002.
Nitric Dioxide (NO2). An average concentration
distribution of NO2 in the environment of Ðiauliai in
2003 is listed in Fig 3. One-time concentration of NO2
in the environment of the city varied from 0,005 mg/m³
to 0,084 mg/m³, i e from 0,06 MPV to 0,99 MPV. The
highest one-time concentration of NO2 was registered in
June in the environment of areas E5, E6, F5, F6, i e in
the central part of the city.
After dividing an average annual change interval
of NO2 concentration into 8 parts (each of 0,005 mg/
m³), the following territorial division of the city was
obtained in percentage: NO 2 concentration from
0,001 mg/m³ to 0,0015 mg/m³ is 17 % of the city area;
from 0,015 mg/m³ to 0,020 mg/m³  18 %; from 0,20 mg/
m³ to 0,025 mg/m³  24 %; from 0,025 mg/m³ to
0,030 mg/m³  8 %; from 0,030 mg/m³ to 0,035 mg/m³
 18 %; from 0,035 mg/m³ t 0,040 mg/m³  13 %; from
0,040 mg/m³ to 0,045 mg/m³  2 %; 0,045 mg/m³ and a
higher concentration is 2 % of the city area. In 57 % of
the city area NO2 concentration in the air varies from
0,010 mg/m³ to 0,020 mg/m³.
An average annual concentration of NO2 in the
environmental air of Ðiauliai in 2003 increased by 2 %
in comparison with 2002.
Nitric oxide (NO). One-time concentration of NO
in the environment of the city varied from 0,003 mg/m³
to 0,495 mg/m³, i e from 0,07 MPV to 1,24 MPV. The
highest concentration of NO was registered in August
in the environment of areas E5, E6, F5, F6.
An average annual concentration of NO in the environmental air of Ðiauliai in 2003 increased by 3 % in
comparison with 2002.
Sulphur dioxide (SO2). One-time concentration of
SO2 in the environment of the city area varied from
0,0015 mg/m³ to 0,012 mg/m³, i e from 0,003 MPV to
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Fig 2. Average distribution of CO concentration in environmental air of Ðiauliai in 2003

Fig 3. Average distribution of NO2 in environmental air of Ðiauliai in 2003
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0,024 MPV. The highest one-time concentration of SO2
was registered in December in the environment of areas
D4, D5, E4, E5.
An average annual concentration of SO2 in the environmental air of Ðiauliai in 2003 decreased by 2 % in
comparison with 2002.
Ozone (O3). One-time concentration of O3 in the
environment of the city area varied from 0,022 mg/m³
to 0,134 mg/m³, i e from 0,14 MPV to 0,84 MPV. The
highest one-time concentration of the O3 was registered
in March in the environment of areas F1, F2, G1, G2.
An average annual concentration of O3 in the air of
the city increased by 3 % in 2003 in comparison with
2002.
Total amount of hydrocarbons (THC). One-time
concentration of THC in the air of Ðiauliai environment
varied from 1,5 ppm to 3,5 ppm, i e from 0,3 MPV to
0,7 MPV. The highest concentration was registered in
November and December in the environment areas E2,
E3, F2, F3 and G3, G4, H3, H4. One-time concentration of methane (CH4) varied from 1,4 ppm to 2,1 ppm.
Concentration of non-methane hydrocarbons (NMHC)
varied from 0,025 ppm to 1,7 ppm. An average annual
concentration of the total of hydrocarbons increased by
4 % in 2003 in comparison with 2002. The highest concentration of pollutants was registered in the central part
of the city in 2003 where there are no big stationary
pollution sources. The main polluter here is motor-transport. Pollution increase from 2 % to 5 % in 2003 was
caused by intensification of motor-transport which increased from 8 % to 10 %. The second most highly
polluted environment of the city is the northern industrial district, the third one  the southern industrial district of the city. Here the main polluters are stationary
pollution sources and motor-transport.
4. Conclusions
1. One-time concentration of CO in the environment of Ðiauliai city varied from 0,5 mg/m³ to 5,8 mg/
m³ in 2003. The highest concentration was registered in
October in the areas E2, E3, F2, F3, and E5, E6, F5,
F6. In 51 % of the city area the concentration of CO
varied from 0,8 mg/m³ to 1,4 mg/m³. The concentration
increased by 3 % in comparison with that in 2002.
2. One-time concentration of NO2 in the environment of the city varied from 0,005 mg/m³ to 0,084 mg/
m³ in 2003. The highest concentration was registered in
June in the areas E5, E6, F5, F6 and in the central part
of the city. In 57 % of the city area the concentration of
NO2 varied from 0,010 mg/m³ to 0,495 mg/m³. The concentration increased by 2 % in comparison with that in
2002.
3. One-time concentration of NO in the environment of Ðiauliai varied from 0,003 mg/m³ to 0,495 mg/
m³ in 2003. The highest concentration was registered in
August in the areas E5, E6, F5, F6. The concentration
increased by 3 % in comparison with that in 2002.
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4. One-time concentration of SO2 in the environment of Ðiauliai varied from 0,0015 mg/m³ to 0,012 mg/
m³ in 2003. The highest concentration was registered in
November in areas D4, D5, E4, E5. The concentration
decreased by 2 % in comparison with that in 2002.
5. One-time concentration of O3 in the environment
of the city varied from 0,022 mg/m³ to 0,134 mg/m³ in
2003. The highest concentration was registered in March
in the areas F1, F2, G1, G2; the concentration increased
by 3 % in comparison with that in 2002.
6. One-time concentration of THC in the environmental air of Ðiauliai varied from 1,5 ppm to 3,5 ppm
in 2003. The highest concentration was registered in November and December in the areas E2, E3, F2, F3 and
G3, G4, H3, H4. The concentration of methane (CH4)
varied from 1,4 ppm to 2,1 ppm. The concentration of
THC increased by 4 %.
7. The highest pollution in the central part of the
city in 2003 was caused by motor-transport. With increase of traffic intensity by 10 % air pollution increased
by 5 % at that area.
8. Higher pollution in the southern and northern districts of the city is influenced by stationary polluters and
motor-transport.
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APLINKOS ORO TARÐOS LYGIO ÐIAULIUOSE TYRIMAI IR JO KAITOS ÁVERTINIMAS
L. Paulauskas, R. Klimas
Santrauka
Aplinkos oro uþterðtumas yra viena ið pagrindiniø plauèiø ligø, piktybiniø navikø, alerginiø ir kitø lëtiniø ligø prieþasèiø.
Mobiliojoje laboratorijoje atlikti aplinkos oro uþterðtumo Ðiauliuose 2003 metais tyrimai, analizuota terðalø pasiskirstymas miesto
aplinkos ore. Matavimai buvo atliekami kartà per mënesá tyrimo postuose, iðdëstytuose 1 km atstumu vienas nuo kito. Nustatyta
tokia vienkartinë vidutinë metinë terðalø koncentracija (viename kvadratiniame kilometre). CO koncentracija miesto aplinkos ore
kito nuo 0,5 mg/m³ iki 5,8 mg/m³, o 51 % miesto teritorijos  nuo 0,8 mg/m³ iki 1,4 mg/m³. NO2 koncentracija kito nuo 0,005 mg/
m³ iki 0,084 mg/m³, o 57 % miesto teritorijos  nuo 0,010 mg/m³ iki 0,020 mg/m³. NO koncentracija kito nuo 0,003 mg/m³ iki
0,495 mg/m³. SO2  nuo 0,0015 mg/m³ iki 0,012 mg/m³. O3 koncentracija kito nuo 0,022 mg/m³ iki 0,134 mg/m³. Suminiø
angliavandeniliø koncentracija kito nuo 1,5 ppm iki 3,5 ppm. Didþiausia terðalø koncentracija nustatyta centrinëje miesto dalyje.
Raktaþodþiai: aplinkos oro tarða, didþiausioji leistinoji terðalø koncentracija (DLK), mobilioji laboratorija, anglies monoksidas
(CO), azoto oksidai (NO, NO2), ozonas (O3) sieros dioksidas (SO2), matavimo intervalas, terðalø koncentracija.
ÈÑÑËÅÄÎÂÀÍÈß ÓÐÎÂÍß ÇÀÃÐßÇÍÅÍÍÎÑÒÈ ÂÎÇÄÓÕÀ ÃÎÐÎÄÀ ØßÓËßÉ È ÎÖÅÍÊÀ ÅÃÎ
ÈÇÌÅÍÅÍÈÉ
Ë. Ïàóëàóñêàñ, Ð. Êëèìàñ
Ðåçþìå
Çàãðÿçíåíèå âîçäóõà ÿâëÿåòñÿ îäíîé èç îñíîâíûõ ïðè÷èí áîëåçíåé ëåãêèõ, ðàêà, àëëåðãè÷åñêèõ è äðóãèõ çàáîëåâàíèé.
Ïðè ïîìîùè ìîáèëüíîé ëàáîðàòîðèè èññëåäîâàëîñü çàãðÿçíåíèå âîçäóõà ãîðîäà Øÿóëÿé íà ïðîòÿæåíèè 2003 ãîäà, åãî
ðàñïðåäåëåíèå. Èññëåäîâàíèÿ ïðîâîäèëèñü åæåìåñÿ÷íî â ïîñòàõ, ðàñïîëîæåííûõ íà ðàññòîÿíèè 1 êì äðóã îò äðóãà.
Îïðåäåëåíà ñëåäóþùàÿ ñðåäíÿÿ îäíîðàçîâàÿ ãîäè÷íàÿ êîíöåíòðàöèÿ çàãðÿçíÿþùèõ âåùåñòâ â âîçäóõå íà ðàññòîÿíèè â
îäèí êâàäðàòíûé êèëîìåòð: êîíöåíòðàöèÿ ÑÎ â âîçäóõå ãîðîäà èçìåíÿëàñü îò 0,5 ìã/ì3 äî 5,8 ìã/ì3, à íà òåððèòîðèè
ãîðîäà, ñîñòàâëÿþùåé 51 %, ýòî èçìåíåíèå áûëî îò 0,8 ìã/ì3 äî 1,4 ìã/ì3. Êîíöåíòðàöèÿ NO2 èçìåíÿëàñü îò 0,005 ìã/ì3
äî 0,084 ìã/ì3, à íà òåððèòîðèè ãîðîäà, ñîñòàâëÿþùåé 57 %,  îò 0,010 ìã/ì3 äî 0,020 ìã/ì3. Êîíöåíòðàöèÿ NO èçìåíÿëàñü
îò 0,003 ìã/ì3 äî 0,495 ìã/ì3. Êîíöåíòðàöèÿ SO2 èçìåíÿëàñü îò 0,0015 ìã/ì3 äî 0,012 ìã/ì3. Êîíöåíòðàöèÿ O3 èçìåíÿëàñü
îò 0,022 ìã/ì3 äî 0,134 ìã/ì3. Êîíöåíòðàöèÿ ñóììàðíûõ óãëåâîäîðîäîâ èçìåíÿëàñü îò 1,5 ppm äî 3,5 ppm. Ìàêñèìàëüíîå
çàãðÿçíåíèå âîçäóõà óñòàíîâëåíî â öåíòðàëüíîé ÷àñòè ãîðîäà.
Êëþ÷åâûå ñëîâà: çàãðÿçíåíèå âîçäóõà, ìàêñèìàëüíî äîïóñòèìàÿ êîíöåíòðàöèÿ çàãðÿçíåíèé, ìîáèëüíàÿ ëàáîðàòîðèÿ,
ìîíîêñèä óãëÿ (ÑÎ), îêñèäû àçîòà (NO, NO2), îçîí (O3), äèîêñèä ñåðû (SO2), èíòåðâàë èçìåðåíèé, êîíöåíòðàöèÿ çàãðÿçíåíèèé.
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