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Abstract 
Passive samplers are widely used for ambient air monitoring because of low-cost, convenient way for mapping spatial distributions and 
ability to investigate long term trends of nitrogen dioxide (NO2). During investigations there are used passive diffusive tubes which are 
capable to take the samples of gases from the atmosphere at a rate controlled by gaseous diffusion through a static air layer but do not 
involve the active movement of air. Gasses diffuse along a sampler onto impregnated filter or mash with absorbing or adsorbing medium. 
In this research three different absorbents were selected: 10% of TEA (triethanolamine) diluted in water, 10% of TEA diluted in acetone 
and potassium iodide (KI) with sodium hydroxide (NaOH). Passive samplers with these solutions have been used for experimental 
research, which was carried out under field conditions in the roadside of district road with composed cross-sections. The results have 
shown that samplers impregnated with 10% of TEA diluted in water reveals the greatest accuracy in comparison of NO2 measuring results 
near automatic air monitoring station (AMS). According to the precision, both 10% of TEA diluted in water and 10% of TEA diluted in 
acetone comply with the Directive 2008/50/EC requirement for uncertainty (< 25%). 
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1. Introduction 

The main anthropogenic sources of nitrogen dioxide are mobile (motor vehicles) and stationary (heating, power generation) 
combustion sources [30]. However, commonly this contaminant is formed when molecular nitrogen combines with 
atmospheric oxygen in burning process in engines [12]. Nitrogen dioxide is a toxic gas and thus a regulated air pollutant. 
This contaminant was continuously investigated because of its negative impact to human health and environment, likewise 
the participation as a precursor of secondary pollutants such as troposphere ozone, aerosol nitrate, and the hydroxyl radical 
(OH) [22, 33]. Both short-term of high concentration of nitrogen dioxide and long-term exposure of lower concentration can 
affect the airways; long time exposure can cause serious diseases, such as asthma, lung damage, heart diseases or even 
increase the mortality [5, 14].  

Various studies have been carried out to assess the impact of environmental parameters on outdoor concentration of 
nitrogen dioxide.  There was evaluated, that air pollution in city centres and districts near highways is related to traffic 
density of the highway including the distance of the measuring site to the highway [4].  With reference to Gilbert et al. 
concentrations of NO2 decreases as distance from the highway increases, and are systematically higher downwind than 
upwind [12]. The major decrease was estimated within 200 m of the highway. Operating conditions such as speed of vehicle 
and acceleration which are affected by different environmental factors (traffic signals, speed limits, interventions, etc.) also 
influence the amount of pollution. In this case, concentrations are in parallel with fuel consumption and increase when 
driving uphill or by transient driving modes such as acceleration and deceleration [15, 28]. Considering pollution near the 
road, it also depends on configuration and arrangement of buildings, the spacing between them, and width of streets [7]. 
Other environmental factors are meteorological conditions (e.g. wind speed, temperature, rainfall). On these conditions 
depends whether the pollutants on atmosphere will accumulate in the exhaust points or will be scattered in the area [2, 19].   

There are developed many different techniques for NO2 measuring in the laboratory and/or in the field (spectroscopic, 
ion chromatography, colorimetric samples, electrochemical sensors, etc.) [29, 33]. One of these techniques is passive 
sampling which is based on free flow of analyte molecules from the sampled medium to a collecting medium as a result of a 
difference in chemical potentials [13]. The advantages of passive samplers are related to elimination of power requirements, 
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reduction of the cost of analysis, minimal training, low detection limit and possibility to measure nitrogen dioxide 
concentrations in different areas [13, 29]. All passive samplers operate on the principle of diffusion of gases from the 
atmosphere along a sampler of defined dimensions onto an adsorbing or absorbing (a solid base impregnated with a 
chemical reagent) medium. The gas molecules are transferred from the ambient air into the sampling device by molecular 
diffusion, which is a function of temperature and pressure [10]. 

Several types of absorbents have been used for nitrogen dioxide measuring with passive samplers: potassium iodide in 
conjunction with sodium hydroxide to maintain high surface alkalinity of the reagent surface, required for long-term 
exposure [11], sodium carbonate (Na2CO3)/1% glycerine-impregnated filter paper – for badge-type sampler with a fine 
stainless mesh diffusion membrane [9], a new collection medium ChemixTM [8]. However, the most commonly used 
absorbent for NO2 is triethanolamine (TEA) where the gas is converted to nitrite ions. TEA has been used for NO2 measuring by passive sampling technique since the 1970s with a high capacity (90–100%) to remove NO2 from the sampled 
air [6]. 

In this study modified absorbents are compared to the explored one by measuring the concentrations of nitrogen dioxide 
under the field conditions.  
2. Experimental 

2.1. Construction of passive samplers 

The construction and geometry of passive sampler was chosen under the investigations of Šerevičienė [23, 25] which have 
shown the lowest relative uncertainty and the highest absorption rate in comparison to the other investigated samplers. The 
diffusion tube consists of polypropylene tube (34 mm in depth and 21 mm in inner diameter), cover, stainless steel grid or 
glass fiber filter and retaining ring (Fig. 1).  

Fig. 1. Components of diffusive tube [23, 25] 

In accordance to prevention of diffusive samplers from meteorological factors and wind effect, the samplers are fixed 
into protective shelter. The bottom of the shelter is opened that the air can get inside. 
2.2. Application of absorbents on  passive samplers 

In this research three different types of absorbents were used during the same time. As the most common absorbent, 
triethanolamine diluted in water was chosen according to previous investigations, which ensured the reliability of the sink. 
The decision to choose 10% of TEA diluted in water for nitrogen dioxide absorption was determined by relative precision, 
which is appropriate to EU directive (2008/50/EB) [18, 23, 25]. There are several documents describing the use of TEA 
diluted in acetone as well [6, 20]. Therefore, the comparative solution was made from 10% of TEA diluted in acetone. The 
second comparative absorbent was potassium iodide and sodium hydroxide which was modified considering the 
investigations of Ferm and Rodhe [11]. 

TEA solution: the preparation method for TEA solution in acetone is the same as in the water. 5 ml of TEA is diluted up 
to 50 ml mark in volumetric flask with deionized water or acetone. After the solution is mixed, it is ready to be used [1]. 

Potassium iodide and sodium hydroxide: the coating solution is prepared with 0.44 g of NaOH and 3.57 g of KI diluted 
up to 50 ml mark in volumetric flask with deionized water.  

After the solutions are prepared, 50 µl of each solution are applied by micropipette on the grids or filters, which are 
placed into the tubes. The solution over the grids is spread as evenly as possible. The tubes are not handled roughly, or 
inverted immediately, as the solution may dribble down the inside of the tube walls. Samplers are sealed and numbered in 
appropriate sequence [1]. 
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2.3. Exposure site and analysis of passive samplers 

Diffusion tubes were delivered into exposure site as soon as prepared for the use. For investigations district road No. 5214 
(Bukiškis – Maišiagala) which is located in the district of Vilnius was selected. An approximate traffic volume in the 
location of research was 3000 automobiles per day in 2012. There were the cross-section composed whereby the sampling 
points were located in a distance of 7.5 m, 20 m, 50 m, 100 m, 150 m, 200 m to the both sides of the road (to the east and 
west side) for evaluation of dispersion of NO2 under the distance from the road axis [3, 15, 16, 31].   

The tubes were positioned vertically with open end (downwards) in the protective shelters for two weeks in each 
sampling point. Samplers were hanged in a 3 meter high to ensure the protection of passive samplers from spoliation.   

The effectiveness of each absorbent was determined by comparing the measured results with the data provided by 
automatic air monitoring station where additional samplers have been exposed. The investigation was repeated four times 
during different seasons (spring, summer, autumn and winter) to evaluate the influence of meteorological conditions on 
concentration of nitrogen dioxide. 

After exposure time (14 days) the samplers covered by hoods and placed into sealable bags were transported to the 
laboratory for extraction. Chemical analysis of exposed passive samplers was performed spectrophotometrically by using 
Saltzman’s reagent (for absorbents based on TEA) and Griess reagent (for potassium iodide and sodium hydroxide). The 
amount of nitrite ion in the sample was obtained after the calibration plot of standard solutions was determined. Ambient 
NO2 concentrations were calculated by considering the amount of extracted nitrite from the samplers [21, 24]. 
3. Results 

The results of measured nitrogen dioxide concentration near the road were compared to the changes of meteorological 
conditions: average temperature, average wind speed and relative humidity (Table 1). 

Table 1. Meteorological conditions during the period of studies 
Season Temperature (°C) 

Min; Max; Mean  
Wind speed (m/s)  Relative humidity (%) 

Min; Max; Mean 
Spring 12.5; 21.0; 16.9 1.58 44; 82; 62 
Summer 
Autumn 

14.9; 24.3; 19.2 
2.3; 12.2; 7.6 

1.39 
2.03 

61; 93; 74 
71; 94; 86 

Winter -9.9; 7.8; 0.9 2.68 69; 97; 91 
 

There were several investigators [19, 26, 27, 32] who made the researches and interpretations about the influence of 
meteorological conditions on air pollution by nitrogen dioxide. The current study shows a difference between nitrogen 
dioxide concentrations among the seasons as well. The highest concentrations in the nearest sapling points (considering the 
road) were measured by samplers with TEA diluted in water, acetone and KI plus NaOH during winter season (15.34 µg/m3, 
16.22 µg/m3, 8.34 µg/m3 respectively), while the lowest pollution by nitrogen dioxide was determined in summer season 
(9.80 µg/m3, 11.43 µg/m3, 6.28 µg/m3 respectively) (Fig. 2).There also can been seen a slight difference of concentrations at 
each sampling point including the side from the road.  

To compare the results with previous investigations statistical analysis was carried out. However, the correlation between 
nitrogen dioxide and aforementioned meteorological conditions was insignificant (significance level p was higher than 
0.05). This could happen because of low number of values. Whereas there is no ability to approve the direct influence of 
mentioned factors on measured concentration, there can be made a presumption that the difference of results among the 
seasons depends on changes of traffic flow as Silva et al. [26] claimed. Considering this, pollution of nitrogen dioxide is 
lower in summer because of reduced traffic flow due to summer holidays while in winter is higher because of increased 
traffic flow because of pre-Christmas period (winter investigation was made on 1–14 days of December). Concerning the 
period of heating of the buildings, measured concentrations might have to increase due to increased background pollution. 
Especially due to the fact that the experiments were carried out in the village where many homes are heated by solid fuel.  

To evaluate the impact of wind direction on the concentration of nitrogen dioxide, the prevailing direction of wind was 
determined. During summer, autumn and winter investigations predominant wind direction was north, north-west, while in 
spring it was mutable: three-fifths of the investigation period the east, north-west and south-east wind was blowing. Figure 
above confirms that the concentration of nitrogen dioxide was higher in the leeward roadside. In spring concentrations were 
higher in the west side from the road until the measuring point in 50 meters (after this point concentrations decreased almost 
half). In summer, autumn and winter the concentrations were higher in the east side from the road.  

There was determined a strong negative correlation between the concentration of nitrogen dioxide and distance from the 
road axis showing that the concentration is decreasing when the distance increases. Table 2 describes Pearson coefficients 
(r) with significance levels (p) derived after analysis of liaison between the distance and concentration measured by 
different passive samplers during all research period.  
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Fig. 2. Measured concentration with standard deviation of nitrogen dioxide during different seasons 

Table 2. Pearson coefficients and significance levels derived from statistical analysis 
Season TEA + water 

   r; p  
TEA + acetone 
   r; p 

KI + NaOH 
   r; p 

Spring –0.890; 0.000 –0.878; 0.000 –0.889; 0.000 
Summer 
Autumn 

–0.964; 0.000 
–0.937; 0.000 

–0.859; 0.000 
–0.964; 0.000 

–0.906; 0.000 
–0.951; 0.000 

Winter –0.967; 0.000 –0.922; 0.000 –0.879; 0.000 
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As shown in the table, Pearson cofeicents slightly differ among the seasons and absorbents. Figure 3 graphically displays 
the highest depencence of variables what was estimated in winter season while absorbent for NO2 measuring was 10% of 
TEA diluted in water. 

 
Fig. 3. Correlation between nitrogen dioxide and distance from the road 

As evidenced by the figures above, samplers with different absorbents have shown different results. Figure 4 shows the 
results which derived from investigations near automatic air monitoring station and comparison between obtained values 
and data provided by AMS. 

 

Fig. 4. Comparison of measured concentrations with data provided by AMS (autumn and winter) 

To sum up the studies, the highest concentrations derived from passive samplers impregnated with TEA + acetone. 
Though, these results did not differed significantly to compare to the concentrations measured with TEA + water as the 
samplers impregnated by KI and NaOH. Estimated relative errors while considering AMS data during all the perdiod of 
investigations starting from spring were ±5.09%, ±3.16%, ±7.53%,  ±4.45%, respectively (for passive samplers with 10% of 
TEA diluted in water). Lower accuracy derived from passive samplers impregnated with 10% of TEA diluted in acetone 
(±10.44%, ±17.83%, ±9.42%,  ±11.30%, respectively), while samplers impregnated with potassium iodide plus sodium 
hydroxide were completely inaccurate: ±40.82%, ±41.09%, ±31.53%,  ±37.82% (under the Directive 2008/50/EC the data 
quality objective for diffusive monitoring of NO2 is determined to be ±25%). 
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4. Conclusions 

1. The correlation between nitrogen dioxide and meteorological factors (wind speed, temperature, relative humidity) in all 
cases appeared insignificant (significance level p was higher than 0.05). The highest concentration, measured near the 
district road as well as air monitoring station was in winter time, the lowest – in summer. During all investigation period 
concentration was higher in the leeward side from the road.  

2. There was determined a strong negative correlation between the concentration of nitrogen dioxide and distance from the 
road. By considering different seasons and absorbents, Pearson coefficient varied from –0.859 to –0.967 with 0.000 
significance level (p). The highest correlation was determined in winter season when 10% of TEA diluted in water was 
used as an absorbent.  

3. The relative errors, to compare to the AMS data, derived from passive samplers impregnated with 10% of TEA diluted in 
water during all the period of investigations starting from spring were ±5.09%, ±3.16%, ±7.53%, ±4.45%, respectively. 
Passive samplers impregnated with 10% of TEA diluted in acetone have shown lower accuracy:  ±10.44%, ±17.83%, 
±9.42%, ±11.30%, respectively, while samplers impregnated with potassium iodide plus sodium hydroxide were 
completely inaccurate: ±40.82%, ±41.09%, ±31.53%, ±37.82%. Both aqueous and acetone solutions complies with the 
Directive 2008/50/EC requirement for uncertainty (< 25%), while the solution of potassium iodide plus sodium 
hydroxide exceeds the standard about 1.5 times. 
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