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Abstract.The aim of the present study was to assess distibof nitrogen dioxide concentration in Kaunas. A
passive sampling method and triethanolamine as kmorbent was used. Sampling was carried out in 62
measurements points of Kaunas city during four ed#fit seasons in 2008-2009. According to measured
concentration average seasonal and annual contientod nitrogen dioxide was calculated.

The study results showed that mean nitrogen diostdEentration in Kaunas was 18.1 pi®008) and 25.0 pgrh
(2009). The highest mean seasonal concentratiorfouas! during spring seasons (30.7 pgnthe lowest — during
summer (16.0 ugr). The highest nitrogen dioxide concentration wasCentras district (2008 — 32.8 pgrand
2009 — 34.0 ug), lowest in Panemun(2008 — 9.7 pgmand 2009 — 15.7 pgi.

We found a negative correlation between nitrogasxide concentration and precipitation (r= -0.543, @000).
Correlation between nitrogen dioxide concentratiod wind speed and temperature was non significant.

Using Arc GIS program maps of nitrogen dioxide cmteation distribution were plotted. Nitrogen didei
concentration interpoliation results revealed, thathighest pollution was in Centras, ZaliakalBiajnava districts,
the lowest was found in areas where lower traffivé and more green places.

Keywords: nitrogen dioxide, annual and seasonal mean obgetm dioxide concentration, nitrogen dioxide

concentration distribution maps.

1. Introduction

The attention directed at air quality in Europe igsult
of not only the averse effects on humann healtim fhigh
concentrations of air pollutants in the ambientlait also of
the EU regulations which aim to reduce emissiort tan
improve air quality (Velders and Matthijsen 2009b).

Nitrogen oxides (NOx = NO + N{pare an important
group of air pollutants to study because they pday
important role in the chemistry of the troposphdtesy
condition the concentration of the OH radical, gheduction
of acids, and the regional formation of photochainic
oxidants (Parrat al. 2009; Valuntai et al. 2009).

Nitrogen dioxide pollution is higher along busy dsa
compared to background locations. Air pollution dity
centers and districts near highways is relatechffict density
of the highway, distance of the measuring sitbéchighway
(Bogoet al. 2001; Carslaw 2005; Beckermeral. 2008).

Air quality is influenced not only by physical and
chemical processes but also by synoptical situatind
meteorological processes as well as geographidasacial
factors. Air quality also depends on whether thiumts
will accumulate in the emission place or they vik
dispersed in a large area. Thereby poor air quatdity
influenced by a wide range of factors that inclpadéutant
emission strengths, meteorology and landscape raplog

Large amounts of nitrogen oxides are emitted from{Bimbait and Girgzdie&2007; Schnitzhofegt al. 2008).

mobile and stationary sources (Tshial. 2006). Motor
vehicles can be the most important source of remog
oxides, especially in areas with few industrialrsea (Tran
et al. 2000).

Nitrogen dioxide (N@, a well-known traffic-related
pollutant, is currently the biggest single causaiofjuality
problems in urban areas (Balias e al. 2008;

Westmorelandt al. 2007). However, nitrogen dioxide is far

more harmful with regard to toxicity than nitrogexide and
it is a good predictor for traffic exposure (Schndferet al.
2008; Soltic and Weilenman 2003; Gilberal. 2003).

The aim of the present study was to assess nitrogen
dioxide concentration in Kaunas city 2008—-2009.

2. Methods

For determination of nitrogen dioxide concentration
passive sampling method and triethanolamine as an
absorbent was used. The passive sampler has analnte
diameter of 25 mm and a depth of 10 mm (Fig 1)is& df
whatman 1chr filter paper impregnated with trietilamine
aqueous solution is used as the collecting eleniEme.
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inside of the passive sampler is protected agaimat and  The highest seasonal nitrogen dioxide concentratiepring
dust deposition by a wind screen made of a polyteoe  was 30.7 pgmand the lowest in summer and autumn -16.0
fibre material. After sampling, the content of itétrions is  and 16.5 pgi (Fig 3). In winter seasonss it was 22.8 fgm
determined spectrophotometrically following reactieith  Figure 4 presents variation of nitrogen dioxidecemtration
Saltzman reagent (Krochmal and Kalina 1997;n districts of Kaunas city in 2008. Nitrogen didei

Grazulewvtieré and Laurinaviiené 2001). concentration ranged from 32.8 pgnio 9.7 pgr.
Nitrogen dioxide measurements were carried ouRin 6 Maximum concentration was in Centras district, mumin in
points (Fig 2) of Kaunas city 4 times per year ogr2008- — Panemui and Rokai. Nitrogen dioxide concentration in

2009 years period. We used mean of 1 week measoigmeCentras was on average 3 times higher than in Remem
of nitrogen dioxide concentration to characteriegasenal district. In districts which are in central part tife city
and annual mean of nitrogen dioxide in Kaunasidistand concentration of nitrogen dioxide was higher thackiground
whole city. Using Arc GIS software annual mapsiodbgen  areas (Velderst al. 2009a). In this districts there are more
dioxide concentration distribution in Kaunas wefettpd.  busy roads and more buildings. In other districtsamnged
There were classified five areas, according thestiold from 20.8 pgri (Dainava) to 12.3 pgi(Sarsiai).
value (TV=40 pgn). Distribution of nitrogen dioxide concentratioriaunas
Statistica version 7 and Excel 2003 were useddta d city in 2009 is presented in figure 5. Maximum cemtcation
analysis. To assess relation with meteorologicatlitions  was again in Centras district and was similar teatration
correlation  coefficients between nitrogen  dioxideassessed in 2008 (34.0 igrminimum in — Panemir(15.7
concentration and meteorological variables wereutatied. ugmd). Nitrogen dioxide concentration in Centras was tw
times higher than in Panenduistrict.
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Average nitrogen dioxide concentration for the wtud
period was 21.5 pgdrh In 2008 and 2009 nitrogen dioxide Fig 5. Nitrogen dioxide concentration in districts of
concentration was 18.0 pughand 25.0 pgi respectively. Kaunas city in 2009
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3.2. Digtribution of nitrogen dioxide concentration

distribution in Kaunas city were plotted (Fig 6-There

were classified five areas of nitrogen dioxide piidin.
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Low area of nitrogen dioxide exposure have covered
districts which are located in the periphery of tity
Using Arc GIS software maps of nitrogen dioxide (Fig 7). The high and very high areas of nitrog@xidie

exposure have covered central or near to centtacths

of Kaunas (Centras, Aleksotas, Dainava, Kdlaie
Silainiai). It is caused by intensive traffic andfavorable
geographical position. Similar results were obtdifrem
Costabileet al.(Costabileet al. 2006) and Jo and Park (Jo
and Park 2005). The highest concnetration of né&nog
dioxide were measured at hihg-traffic streetspfofid by

industrial and downtown locations

Distribution of nitrogen dioxide concentration in
2009 was similar to 2008 year. Low and medium acéas
nitrogen dioxide exposure have covered districtsciwvh
are located in city premises (Fig 7). The high aedy
high areas of nitrogen dioxide exposure have cavere

Kaunas
Silainiai,

gentral districts  of
Zaliakalnis, Kalnigiali,
Dainava district).

(Centras,
Sargnai,

Aleksotas,
part of

To assess relation with meteorological conditiores w
calculated correlation coefficients between nitroge
dioxide concentration and wind speed, temperata a

precipitation.

r = -0543, p=0.000
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Fig 8. Correlation between nitrogen dioxide concentration

and precipitation

We have found a negative correlation between
nitrogen dioxide concentration and precipitatior @
0.543, p= 0.000) (Fig 8). Negative correlation iregl
that lower nitrogen dioxide concentration coincidigh

higher precipitation.

Correlation

between

nitrogen

dioxide concentration wind speed and temperaturse wa
non significant. These results revealed that lotrogen

dioxide concentration is
precipitation (Elminir 2005).

4. Conclusions

more

associated  with

1. The average nitrogen dioxide concentration inirkes
city in 2008-2009 was 21.5 pugmin 2008 — 18.0

pgms, in 2009 — 25.0 pgh

Fig 7. Distribution of nitrogen dioxide pollution in Kaaa

2009
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2. The highest seasonal nitrogen dioxide concéatrat Elminir, H. K. 2005. Dependence of urban air pahts on

was in spring — 30.7 pgirand the lowest in summer —

16.0 pgr.

3. Nitrogen dioxide dispersion in Kaunas city aliea
uneven. Nitrogen dioxide pollution is higher aldmgsy
roads compared to the city premises. The highesian

nitrogen dioxide concentration was in Centras (2608

32.8 upg/m; 2009 — 34.0 pg/M — the lowest in
Panemua (2008 — 9.7 pug/Mm 2009 — mm 15.7 ugfn

4. Nitrogen dioxide concentration interpolation uits

revealed, that low and medium areas of nitrogen
dioxide exposure have covered districts which are

located in the periphery of the city. The high amdy

high areas of nitrogen dioxide exposure have calvere
AleksotasKrochmal, D.; Kalina, A. 1997. Measurements of ogen

central districts of Kaunas (Centras,
Dainava, Zaliakalnis, Kalnigai, Silainiai).

5. We have found a negative correlation betweaoggéin
dioxide concentration and precipitation (r= -0.543,
0.000).

Acknowledgments

The authors would like to thank Audriusedizk
who assisted in the working with Arc GIS soft.

References

Baltréenas, P.; Vaitieknas, P.; Vasaretius, S.; Jordanech, S.
2008. Automobiliy iSmetany duju sklaidos modeliavimas
[Modelling of motor transport exhaust gas influencethe
atmosphere]Journal of environmental engineering and
landscape management, 16(2): 65—75.

meteorology.The Science of the Total Environment, 350:
225-237.

Gilbert, N. L.; Woodhouse, S.; Stieb, D. M.; Brodk, R. 2003.
Ambient nitrogen dioxide and istance from a majghtvay.
The Science of the Total Environment, 312: 43—46.

Grazulevéienré, R.; Laurinawtiené, D. 2001. Ambient nitrogen
dioxide dispersion in Kaunas and its relation tcidence
of myocardial infarction. Environmental research,
engineering and management, 1(15): 1-6.

Jo, W. K.; Park, J. H. 2005. Characteristics of sid& air

pollution in Korean metropolitan city (Daegu) oJast 5

to 6 years: Temporal variations, standard exceetgqrmnd

dependence on meteorological conditioBeemosphere,

59: 1557-1573.

dioxide and sulphur dioxide concentrations in urlaaol
rural areas of Poland using a passive sampling adeth
Environmental Pollution, 96(3): 401-407.

Parra, M. A.; Elustando, D.; Bermejo, R.; SantamaliaM.
2009. The Science of the Total Environment, 407: 999—
1009.

Schnitzhofer, R.; Beauchamp, J.; Dunkl, J.; Wisthaksr,
Weber, A.; Hansel, A. 2008. Long-term measuremehts
CO, NO, NQ, benzene, toluene and Rjvat a motorway
location in an Austrian valleyAtmospheric Environment,
42:1012-1024.

Soltic, P.; Weilenmann, M. 2003. NMIO emissions of
gasoline passenger cars and light-duty trucks @itro-2
emission standardAtmospheric Environment, 37: 5207—

5216.
Tran, N. K.; Steinberg, S. M.; Johnson, B. J. 20@06latile
aromatic  hydrocarbons and dicarboxylic  acid

concentrations in air at an urban site in the Seestern
US. Atmospheric Environment, 34: 1845-1852.

Bimbaite, V.; Girgzdiere, R. 2007. Evaluation of Lithuanian air Tsai, W.Y.; Chan, L. Y.; Blake, D. R.; Chu, K. W. 2006.

quality monitoring data applying synoptical anadysi
Journal of environmental engineering and landscape
management, 15(3): 173-181.

Beckerman, B.; Jerrett, M.; Brook, J. R.; Verma, D. Xrain,
M. A.; Finkelstein, M. M. 2008. Correlation of niggen

dioxide with other traffic pollutants near a major

expresswayAtmospheric Environment, 42: 275-290.

Vehicular fuel composition and atmospheric emission
South China: Hong Kong, Macau, Guangzhou, and Zuhai.
Atmos Chem Phys, 6: 3281-8.

Valuntaie, V.; Serewviiene, V.; Girgzdierg, R. 2009. Ozone
concentration variations near high-voltage transiors
lines. Journal of environmental engineering and
landscape management, 17(1): 28-35.

Bogo, H.; Gomez, D. R.; Reich, S. L.; Negri, R. M.; SanVelders, G. J. M.; Diederen, H. S. M. A. 2009a.dlikood of

Roman, E. 2001. Traffic pollution in a down- town of

Buenos Aires City Atmospheric Environment, 35:1717—
1727.

meeting the EU limit values for NO2 and PM10
concentrations in the Netherlands.Atmospheric
Environment, 43: 3060—-3069.

Carslaw, D. 2005. Evidence of an increasing NO2/NOxVelders, G. J. M.; Matthijsen, J. 2009b. Meteoratal

emissions ratio from road traffic emissiofgmospheric
Environment, 39: 4793-4802.

Costabile, F.; Bertoni, G.; Desantis, F.; Wang, Feiwin, H.;
Fenglei, L.; Allegrini I. 2006. A preliminary assesent of

major air pollutants in the city of Suzhou, China.

Atmospheric Environment, 40: 6380-6395.

variability in NO2 and PM10 concentrations in the
Netherlands and its relation with EU limit values.
Atmospheric Environment, 43: 3858-3866.

Westmoreland, E. J.; Carslaw, N.; Carslaw, D.; Gjllah;
Bates, E. 2007. Analysis of air pollution within &egt
canyon using statistical and dispersion modeling
techniquesAtmospheric Environment, 41: 9195-9205.

181



