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Measurement of nitrogen dioxide
concentration in cold and warm seasons
using a passive sampling method

Dovilé Laurinaviciené*, The aim of the present study was to assess distribution of nitro-

gen dioxide concentration in Kaunas city during cold and warm

Audrius Dédelé seasons. A passive sampling method was used. Nitrogen dioxide

concentration was measured at 39 sampling sites in Kaunas city.

Vytautas Magnus University, The study was performed in 2010-2011. The study results showed

gelpbz tment of Natural Sciences, that mean of nitrogen dioxide concentration in Kaunas city was
ileikos 8,

12.0 ug/m’. Nitrogen dioxide concentration in cold season (win-
LT-44404 Kaunas,

3 3 3
Lithuania ter) was 18.2 pg/m?, in warm season (summer) 5.7 ug/m’. The

highest nitrogen dioxide concentration was obtained near street
site (14.9 pg/m’), the lowest — near regional background site
(9.4 ug/m’) and near urban background site it was 11.4 pg/m”*.

The results of the study were introduced to the ESRI Geo-
graphic Information System software ArcGIS and the extension
Geostatistical Analyst was used to obtain maps of distribution of
nitrogen dioxide concentration.

The lowest nitrogen dioxide pollution area was in districts
which are located in the periphery of the city. The highest con-
centration of nitrogen dioxide was in Centras, Zaliakalnis, San-
¢iai, Kalniediai, Sargénai. It was caused by intensive traffic and un-
favourable geographical position. In these districts there are more
busy roads and more buildings. Centras district is located in a val-
ley; there are unfavourable conditions for pollution dispersion.

Key words: nitrogen dioxide concentration, human health, in-
terpolation method

INTRODUCTION riety of health and / or environmental problems

(Velders, Diederen, 2009; Pandeya et al., 2008).
Air quality receives considerable attention from It is necessary to improve air quality in urban
the general public and also in the political arena.  areas to protect human health and to avoid other
This is because air pollution can cause a wide va-  environmental problems (Bigi, Harrison, 2010;
Anttila, Tuovinen, 2010).

* Corresponding author. E-mail: dovile@gmf.vdu.lt
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Major air pollutants are produced by fuel
combustion and industry processes. Road traf-
fic is a very important source of air pollution
too. Obvious products of these processes are
nitrogen oxides (NOx = NO + NO,). Nitrogen
oxides are an important group of air pollu-
tants to study because they play an important
role in the chemistry of the troposphere: they
condition the concentration of the OH radi-
cal, the production of acids, and it was found
that nitrogen oxides are a major contribu-
tor of formation of photochemical smog and
ozone in urban areas. Nitrogen oxides also
participate in a chain reaction removing ozo-
ne from stratosphere. Consequently, increased
ultraviolet radiation quantity reaches earth’s
surface (Jarquin-Lopez et al., 2009; Parra et al.,
2009; Filella, Penuelas, 2006).

Large amounts of nitrogen oxides are
emitted from mobile and stationary sources
(Tsai et al., 2006). Motor vehicles can be the
most important source of nitrogen oxides,
especially in areas with few industrial sources
(Tran et al., 2000).

Nitrogen dioxide (NO,), a well-known traf-
fic-related pollutant, is currently the biggest
single cause of air quality problems in urban
areas (Westmoreland et al., 2007). However,
nitrogen dioxide is far more harmful with
regard to toxicity than nitrogen oxide and it
is a good predictor for traffic exposure (Soltic,
Weilenmann, 2003; Gilbert et al., 2003).

Nitrogen dioxide pollution is higher along
busy roads compared to background loca-
tions. Air pollution in city centres and districts
near highways is related to traffic density of
the highway, distance of the measuring site to
the highway (Bogo et al., 2001; Carslow, 2005;
Beckerman et al., 2008).

The aim of the present study was to assess
nitrogen dioxide concentration in Kaunas city
during cold and warm seasons.

MATERIALS AND METHODS

Annual and seasonal concentration of NO,
were measured in Kaunas city (longitude
54°54’ E, latitude 23°54° N), located in the cen-

tre of Lithuania, 78 meters above the sea level.
The city lies in the intersection of the main
roads and transport streams, in the valley of
the two longest rivers of Lithuania, Nemunas
and Neris. Kaunas is the second biggest city
(after capital Vilnius) in Lithuania with the
population around 360 000.

For determination of nitrogen dioxide con-
centration we used a passive sampling me-
thod and triethanolamine as an absorbent.
Passive sampling method is often used for air
quality monitoring purposes in remote areas.
Passive samplers are simple, inexpensive, no
power or pump required, and suitable for si-
multaneous and multipoint measurements
of air pollutant. The passive sampler has an
internal diameter of 25 mm and a depth of
10 mm. A disc of Whatman Ichr filter paper
impregnated with triethanolamine aqueous
solution is used as a collecting element. The
inside of the passive sampler is protected
against wind and dust deposition by a wind
screen made of a polypropylene fibre mate-
rial. Impregnated samplers were suspended
2.5-3.0 m above the ground level. After expo-
sure the collecting element was treated with
2 ml of deionised water for 10 min. The ex-
tract was mixed with 2 ml of Saltzman rea-
gent and left for 15 min. The content of
nitrite ions is determined spectrophotometri-
cally at the wavelength of 540 nm (Krochmal,
Kalina, 1997; Grazuleviciené, Laurinaviciené,
2001).

Nitrogen dioxide measurements were car-
ried out in 39 sites of Kaunas city in cold
(winter) and warm (summer) seasons during
2010-2011 (Fig. 1). We used mean of 2 weeks
measurements of nitrogen dioxide concentra-
tion to characterize mean of nitrogen dioxide
in cold and warm seasons.

According to traffic intensity three site types
were distinguished. First site type: regional
background (<3 000 veh/d); second site type:
urban background (3 000-10 000 veh/d); third
site type: street (>10 000 veh/d).

Using the ESRI Geographic Information
System software ArcGIS and the extension
Geostatistical Analyst, maps of nitrogen dio-
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Fig. 1. Nitrogen dioxide concentration measurements sites
xide concentration distribution in Kaunas RESULTS AND DISCUSSION

were plotted. To get a better view of the dis-
tribution of pollutant concentration, the ob-
tained values were spatially interpolated using
the Inverse Distance Weighted (IDW) me-
thod. Five areas of nitrogen dioxide pollution
were classified.

Standard errors of mean were calculated
using Statistica program software.

Nitrogen dioxide concentration in cold and
warm seasons

The average nitrogen dioxide concentration
in Kaunas city was 12.0 pg/m’ for the study
period. Nitrogen dioxide concentration in cold
season (winter) was 18.2 pg/m’, in warm season
(summer) 5.7 ug/m? (Fig. 2). Such results might
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Fig. 2. Nitrogen dioxide concentration in Kaunas city
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be determined by private household heating
during cold season.

The highest nitrogen dioxide concentration
measured with passive samplers was obtained
near street site (14.9 pg/m’), the lowest — near
regional background site (9.4 pg/m’) and
near urban background site it was 11.4 pug/m’
(Fig. 3).

Nitrogen dioxide concentration in cold
season was about 3 times higher than in warm
season. This tendency was observed in all sites
types. In cold season nitrogen dioxide con-
centration in regional background site was
15.3 pg/m? in urban background site 17.4 pg/
m’ and 22.3 pg/m’® in street site. Nitrogen
dioxide concentration in warm season was
4.2 ug/m’ in regional background; 5.4 ug/m’,
in urban background and 7.5 pg/m’ in street
site.

Distribution of nitrogen dioxide concentra-
tion

Using Arc GIS software maps of nitrogen dio-
xide dispersion in Kaunas city in cold and
warm seasons were plotted (Figs. 4 and 5).

An Inverse Distance Weighted (IDW) te-
chnique was used creating a map. Five areas
of nitrogen dioxide pollution were classified.
The air pollution was higher during the cold
season. The maximum NO, concentration was
up to 30.0 pg/m’ in cold season. NO, concent-
ration ranged from 4.0 to 14.0 ug/m?® in warm
season.

The lowest nitrogen dioxide pollution area
was in districts which are located in the pe-
riphery of the city (Fig. 4). The highest con-
centration of nitrogen dioxide was in Centras,
Zaliakalnis, Sanciai, Kalnie¢iai, Sargénai. It is
caused by intensive traffic and unfavourable
geographical position. In these districts there
are more busy roads and more buildings.
Centras district is located in a valley; there
are unfavourable conditions for pollution
dispersion. Similar results were reported
by other authors (Costabile et al., 2006; Jo,
Park, 2005). The highest concentration of nit-
rogen dioxide was measured at high-traffic
streets, followed by industrial and downtown
locations.
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Fig. 3. Nitrogen dioxide concentration in dif-

ferent sites types during cold and warm seasons
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Fig. 5. Distribution of nitrogen dioxide pollution in Kaunas city in warm season
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CONCLUSIONS

1. The average nitrogen dioxide concentration
in Kaunas city was 12.0 pg/m’ for the study pe-
riod. Nitrogen dioxide concentration in cold
season (winter) was 18.2 pug/m’, in warm season
(summer) - 5.7 ug/m>.

2. The highest concentration of NO, mea-
sured with passive samplers was obtained near
street site (14.9 pg/m’), while the lowest — near
regional background site (9.4 ug/m?).

3. Interpolated results showed that the ma-
ximum NO2 concentration was up to 30.0 ug/m’
in cold season. NO2 concentration ranged from
4.0 to 14.0 pg/m’ in warm season.

4. The lowest nitrogen dioxide pollution
area was in districts which are located in the
periphery of the city. The highest concentration
of nitrogen dioxide was in Centras, Zaliakalnis,
San¢iai, Kalnieciai, Sargénai.
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AZOTO DIOKSIDO KONCENTRACIJOS
MATAVIMAI PASYVAUS KAUPIMO METODU
SALTUOJU IR SILTUOJU SEZONAIS

Santrauka

Darbo tikslas - nustatyti azoto dioksido koncent-
racija Saltuoju ir $iltuoju sezonu naudojant pa-
syvaus kaupimo metoda. Tyrimai buvo atlikti
Kauno mieste 2010-2011 metais $altuoju ir S$il-
tuoju sezonais. Azoto dioksido koncentracija buvo
nustatoma pasyviais kaupikliais, kurie buvo ekspo-
nuoti 39 Kauno miesto vietose. Bandiniai buvo eks-
ponuojami 14 dieny. Tyrimy rezultatai rodo, kad
vidutiné azoto dioksido koncentracija Kauno mies-
te buvo 12,0 pg/m?*: $altuoju sezonu (Ziema) azoto
dioksido koncentracija sieké 18,2 pg/m’, Siltuoju
(vasarg) - 5,7 ug/m’. Auksciausia azoto dioksido
koncentracija buvo S$alia intensyviy transporto
srauty zonos (14,9 pg/m’), Zemiausia — $alia mazo
intensyvumo transporto srauty zonos (9,4 pg/m?);
$alia vidutinio intensyvumo transporto srauty zonos
azoto dioksido koncentracija sieké 11,4 pg/m®.

Naudojant Arc GIS programine jranga ir atlikus
azoto dioksido tar$os interpoliacija buvo sudaryti
azoto dioksido tar$os sklaidos zemélapiai, kuriuose
isskirtos penkios tar$os zonos.

Maziausia azoto dioksido tarSos zona nustatyta
rajonuose, kurie iSsidéste miesto pakrastyje. Di-
dZiausia azoto dioksido tar$a uzfiksuota Centro,
Zaliakalnio, Sanéiy, Kalniec¢iy ir Sargény rajonuo-
se — tokiai situacijai jtakos galéjo turéti tai, kad Siuose
rajonuose vyrauja intensyvus transporto srautai, taip
pat nepalanki jy geografiné padétis. Centro rajo-
nas yra i$sidéstes slényje, jame daug siaury gatviy ir
pastaty, o tai pablogina tersaly sklaida.

Raktazodziai: azoto dioksido koncentracija,

zmoniy sveikata, interpoliacijos metodas






