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The measurements were done at the points situated directly near the transit road 
which runs through the city centre (points no. 1--4) and the clearway which runs outside 
the city centre (point no. 9), main transport routes of the city (points no. 5-8, 1 O) and 
routes of moderate traffi c intensity in the city centre (points no. 11-14). Additional points 
were located near the housing estate routes (points no. 15-16). 

Fifteen daily measurements were carried out at each measuring point in randomly 
selected time. Additional 37 measurements (totally 52 measurements) were taken at point 
no. 5 to meet the requirements made for results of periodic measurements, specified in a 
Decree of the Ministry of the Environment, i.e. to cover I 4% of measuring time (25]. 

The spectrophotometric analysis with passive sampling was used for measurements 
of nitrogen dioxide concentration. Absorption of nitrogen dioxide took place on the 
Whatman absorbent paper, soaked with absorbing solution, placed inside a passive 
sampler. Passive box samplers were used for measurements. They were suspended 1.5 m 
above the ground level. 

After 24-hour exposure absorbent paper was leached by Saltzman solution. Obtained 
extract was analyzed by spectrophotometric analysis. The measurements of rays' absor­ 
ption were taken by SHIMADZU UV-21 O I PC spectrophotometer at wavelength equal 
to 540 nm. 

Concentration of nitrogen dioxide in tested air was calculated according to rela­ 
tionships presented in [ I 8]. 

According to the standard [20], nitrogen dioxide concentration was calculated as an 
arithmetic mean from the concentrations obtained from three samplers, exposed at the 
same time in the same measuring point. The values, which differed from arithmetic mean 
by more than 20%, were rejected [20]. 

Passive methods of air sampling have been commonly used for many years in 
tests of air conducted at work places and currently they are more frequently used for 
air quality testing. Their advantages in analysis are following: precision, possibility 
of determination of low concentrations as well as possibili ty of elimination of impact of 
atmospheric conditions and the useful advantages such as: small dimensions, low weight, 
simple maintenance, reliabil ity or lack of supply requirements cause that passive methods 
are automatically used to determine air pollutants e.g. by Voivodeship Inspectorate for 
Environmental Protection. Comparable tests of the passive method with the reference 
automatic chemiluminescence's method have shown good consistence ofresults. Average 
difference in concentrations between both methods did not exceed 10% [8]. 

A disadvantage of the passive sampling is averaging of concentrations within the 
time of exposition, which is relatively long. Thus, it is not possible to measure momentary 
concentrations. [8]. In li terature one can find many references to the passive methods 
used to determine NOx concentrations, mainly N0

2
, as well as to other methods for deter­ 

mination of a concentration of those air pollutants (4, 9, 11, 19, I 5, I 6, 23, 26, 28, 29]. 
Measurements of nitrogen dioxide concentrations at roads were accompanied 

by measurements of traffi c flow intensity during peak hours, measurements of traffi c 
intensity during the whole day and distribution of movement of cars and lorries at the 
selected measuring points, complemented the analysis of nitrogen dioxide concentration 
m air. 

At the crossroads (points no. 1-5), traffi c flow intensity during peak hours varied 
from 1800 to 2220 vehicles per hour, at the point close to a road of high traffi c in tens i ty 
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as in other measuring points (no. 1--4 and 6-16). In the second case (point no. 5') they 
were related to full 52 measurement series made at this point, covering the measuring 
time required for periodic measurements included in the Decree of the Ministry of 
Environment. 

DISCUSSION ON RESULTS 

Range of minimal nitrogen dioxide concentration was between 7.4 µg/m3 and 
30.2 µg/m3 for all the measuring points. At crossroads the minimal concentration was be­ 
tween 22.7 µg/m3 and 30.2 µg/m3

, and at roads of high and medium traffi c intensity it was 
between 7.4 µg/m3 and 16.6 µg/m3

, and on local roads it varied from 8.9 µg/m3 to 9.3 ug/rrr'. 
Maximal concentration of nitrogen dioxide was between 32.9 µg/m3 and 70.1 µg/m3

. 

At the measuring points located close to crossroads it was between 60.7 ug/m? to 
69.4 ug/rrr' at the city roads it was between 40.3 ug/rn" and 70.1 ug/m' and at the local 
roads it was from 32.9 ug/rn' to 48.5 µg/m3

• 

Mean values of average daily concentrations at all measuring points for 15 mea­ 
surement series varied from 20,6 ug/rrr' to 49,4 ug/rrr'. The highest mean concentration 
was at crossroads (38.3 ug/m! to 49.4 µg/m3

), lower at roads (21.5 ug/m' to 35.5 µg/m3
), 

and the lowest along the local roads (20.6 ug/m! to 20.9 ug/m"). 
The lowest average daily NO2 concentration recorded in the whole measurement 

period was equal to 7.4 ug/rrr' and it was recorded at the measuring point no. 10, located 
at the outlet road at a distance of about 7 km from the city center. Only a few houses and 
some trees, meadow fields surrounded the point. Such a way of land development ensures 
advantageous conditions of poll utants propagation. 

The highest average daily NO2 concentration equal to 70.1 ug/m' was recorded at the 
measuring point no. 6 located at a place surrounded by compact four-storey buildings with 
very bad ventilation. This was the road of high traffi c intensity with a lot of cars, buses 
and lorries. Due to close crossroads, there was a traffi c jam at that measuring point during 
peak hours and a traffi c flow was very slow and engines operational conditions were very 
differentiated. In a statistical analysis (Fig. 2) the mentioned above concentration value 
was treated as the diverged one. The highest not diverged average daily concentration 
value equal to 69.4 ug/rn ' was recorded at the measuring point no. 2, at very busy 
crossroads of five single, dual and triple carriageways, surrounded by compact building 
development. 

As regards analyses, the most important are those NO2 concentration values, which 
were averaged for the whole measuring time. The lowest average daily concentration for 
the whole period of measurements i.e. 20.6 ug/rn ' was observed at the measuring point no. 
15. That point was located at a community road of low traffi c intensity, where only cars 
were moving. The highest average daily NO2 concentration for the whole measurement 
period equal to 49.4 µg/m3 was recorded at the crossroad of dual and triple carriageways, 
at the measuring point no. I. At that point there was an intense traffi c flow of vehicles 
including lorries, and due to light signals operational conditions for car engines were 
disadvantageous, i.e. braking, acceleration and neutral gear operation. 

Figures 2 and 3 as well as data from Table 2 indicate for similarity of nitrogen 
dioxide concentration changeability in some groups of measuring points. Generall y, 
a division into groups coincided with a division into points located at crossroads, at city 
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