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INTRODUCTION  
 

University of Novi Sad, Technical faculty ñMihajlo Pupinò from Zrenjanin, in partnership with 

Politechnica University from Timisoara in Romania, Obuda University from Hungary and Mogilev 

State University of Food Technologies from Belarus has organized the Fourth International 

Conference of Ecology of Urban Areas 2014 (URBANECO 2014). This partnership significaly 

improves the quality of conference organization and work, as well as contribution in area of regional 

cooperation with other universities and scientific institutions. 

 

The objectives of the Conference URBANECO 2014 are: presentation of current knowledge and the 

exchange of experiences from the field of sustainable development of urban areas which is one of the 

major problems of modern civilization. The ecological aspect is the dominant factor in achieving 

sustainability. The importance of ecological aspect has developed a need for an International 

Conference "Ecology of Urban Areas 2014" which has the goal to integrate scientific, technological 

and experimental knowledge in this field. Another importance is gathering researchers from this field 

with aim of expanding regional and international cooperation, raising the level of professional and 

scientific work at University of Novi Sad and Technical faculty ñMihajlo Pupinò, expanding 

cooperation with institutions and encouraging young researchers within this field. Taking into account 

that this Conference is international, the importance of this event is obvious for the town of Zrenjanin, 

Banat region, Vojvodina and Serbia. Organization of URBANECO 2014 by University of Novi Sad, 

Technical faculty ñMihajlo Pupinò from Zrenjanin represents this scientific-educational institution as 

one of the major representatives of economic and social development in Banat. 

 

Within this Collection of papers are presented all accepted papers received for IV International 

Conference Ecology of Urban Areas 2014. The papers are divided into following sessions: Air quality, 

Management of solid urban waste, Water quality in urban areas (ground water, drinking water, waste 

water and facilities), System of ecological management (ISO 14000), Economics of sustainable 

development of urban areas, Noise and vibrations in urban areas, Electro and electro-magnetic 

pollution in urban areas, Climate changes and urban pollution, Spatial planning and greening in urban 

areas, Development of urban ecology through educative and information activities, ICT in the ecology 

of urban areas, Accidents in urban areas, Environmental aspects of traffic in urban areas, Impact of 

agricultural activities to urban area, Public health and the ecology of urban areas, Soil and degradation 

of soil, Nanotechnology in environmental protection, and Transfer stations in the system of 

management of solid communal waste.  

 

We would like to express our gratitude to the Ministry of Education, Science and Technological 

Development of Republic of Serbia; Ministry of Energy, Development and Environmemnatl 

Protection; Provincial Secretariat for Science and Technological Development; Provincial Secretariat 

for Protection of Environment and Sustainable Development. 

 

Finally, we wish to thank all the authors of papers and participants in the Conference in hope that we 

will continue our cooperation successfully in the future and that each new year will bring better ideas 

and solutions to help raise awareness of the responsibility we hold today for the well-being of future 

generations. 
 

President of the Organizing Committee 
Ph.D Milan Pavloviĺ 

Zrenjanin, October 2014. 
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ABSTRACT  

 

The present paper presents the analyses of two different aerosol pollution episodes over Timisoara, Romania. 

For this work, ground based sun photometer data were used during 2011 and 2012. By analyzing aerosol optical 

depth (AOD), ¡ngstrºm parameter, single scattering albedo and size distribution the types of aerosol are 

determined. The analysis reveals a relatively high average aerosol optical depth at 440 nm (AOD440) associated 

with a low/high ¡ngstrºm parameter (Ŭ). A high AOD and a low value of Angstrom parameter (Ŭ>0.6) 

represents an atmosphere with dust, and if Ŭ>1.5 the atmosphere is loaded with biomass burning aerosol. Dust 

and biomass dispersion was investigated by using NOOA HYSPLIT model (Hybrid Single ï Particle Lagrangian 

Integrated Trajectory). Global Fire Maps from MODIS (Moderate Resolution Imaging Spectroradiometer) were 

used to identify biomass burning sites. 

 

Key words: aerosol, aerosol optical depth, ¡ngstrºm parameter, single scattering albedo.  

 

 

INTRODUCTION  

 

Desert dust aerosols are tiny soil particles suspended in the atmosphere which are carried by air 

masses. Desert dust aerosol have a significant impact on local and global climate, regional air quality, 

visibility, cloud processes, human health (Mahowalda et al., 2013). Also, desert or mineral dusts have 

a key role in the atmospheric radiation budget thought scattering of the solar radiation (Alizadeh et al., 

2014; Calinoiu et al., 2013). 

 

Biomass burning aerosol (BB) of two major chemical components: black carbon, leading to absorption 

of solar radiation, and organic carbon, resulting in scattering solar radiation. (www.ipcc.ch). BB 

aerosols are product of natural fires (burning of forest and vegetation) and human ï induced burning, 

such as agricultural waste, coal, wood, dung, etc. Biomass burning aerosol have a significant impact 

on local and global climate, regional air quality, visibility, cloud processes, human health (Gustafsson 

et al., 2009; Adler et al., 2011). 

 

Consequently it is absolutely necessary to monitor aerosols, by diverse possibilities and techniques, 

and at different levels, not only at soil. The mentioned global effects strongly depend on the physical 

and optical properties of aerosol particles. Several studies about accuracy of aerosol optical properties 

from sun and sky radiance measurements were conducted by Dubovik (Dubovik et al., 2000a; 

Dubovik et al., 2000b; Dubovik et al., 2002; Dubovik et al., 2006. 

 

Therefore, aerosol measurements on global scale are essential. This is achieved for example at ground 

- based by automatic sun and sky scanning spectral radiometer, by means of so ï called sun 

photometer. These instruments have the advantage that they are able to monitored continuous aerosol 

optical depth (AOD), with high accuracy, fact that is essential for the measuring procedure.  

 

The aim of this paper is to investigate the optical and physical properties of the dust and biomass 

burning aerosol based on the AERONET sun photometer data/observations in the Timisoara city from 
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Romania. The city is located in the Western part of Romania and it is situated on the southeastern edge 

of the Pannonia plain, Timisoara (45Á46' N, 21Á26' E) lies at an altitude of 85 m. 

 

A sun photometer is an optical instrument for the measurement of the spectral solar radiation. The 

range of wavelength for instrument is between 0.34 ï 1.65 ɛm. The sun photometer accomplishes two 

basic measurements, either direct sun (nine spectral bands: 340, 380, 440, 500, 670, 870, 940, 1020 

and 1640 nm) or sky (440, 670, 870 and 1020 nm) both within several programmed sequences. 

 

The aerosol optical depth is generated applying the Beer - Lambert - Bouger law to irradiance data and 

by removing the contribution due to Rayleigh scattering and absorption of atmospheric gases. 

¡ngstrºm parameter was calculated in the spectral interval 440 - 870 nm. 

 

RESULTS AND DISCUSSIONS  

 

Figure 1 illustrates the frequency distribution of AOD at 440 nm and Ŭ between 440 and 870 nm 

during the observation period. AOD frequency shows an obvious peak, with values between 0.2 and 

0.4, accounting 45 % of total distribution. For ¡ngstrºm parameter, the frequency histogram shows 

two peaks, with values between 1.2 - 1.4 and 1.4 - 1.6 representing around 30 %. 

 

Figure 1. Frequency distribution of daily AOD440 and ¡ngstrºm parameter for 2011 and 2012 in 

Timisoara 

 

The type of aerosol particles was determined by means of aerosol optical depth, ¡ngstrºm parameter, 

single scattering albedo, volume size distribution and real part of refractive index. We specified the 

biomass burning event by considerable daily increase in AOD and ¡ngstrºm parameter (see also 

Figure 2). 

 

Based on the sun photometer data, the increase of the aerosol optical depth (larger than 0.6) while the 

water column content was low, the high values of the ¡ngstrºm parameter (1.5 Ò Ŭ Ó 2) and a single 

scattering albedo decreasing with wavelength are usually characterized the aerosol resulted from 

biomass burning. Also, in case of dust event, the AOD value is high and ¡ngstrºm parameter is low. 
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Figure 2. Correlation between AOD440 and ¡ngstrºm parameter at 440ï870 nm for different aerosol 

types over Timisoara during 2011 and 2012 

 

In Table 1 are presented several pollution episodes with desert dust and biomass burning aerosol. In 

the table N is the number of recording respectively average values for AOD and ¡ngstrºm parameter 

during 2011 - 2012 from the measurements achieved at the Timisoara station. 

 

Table 1: The most relevant pollution episodes with desert dust and biomass burning aerosol 
 

Nr.  

crt. 
Date Aerosol Type N AOD440 Angstrom parameter 

1 26 April 2011 Desert dust 15 0.58 0.43 

2 27 May 2011 Biomass burning 31 0.32 1.52 

3 28 May 2011 Biomass burning 18 0.68 1.42 

4 5 September 2011 Desert dust 29 0.50 0.75 

5 18 September 2011 Biomass burning  10 1.02 1.81 

6 17 November 2011 Biomass burning 22 0.92 1.43 

7 3 June 2012 Desert dust 14 0.56 0.55 

8 10 June 2012 Desert dust 21 0.31 0.58 

9 23 august 2012 Biomass burning 54 0.52 1.42 

10 26 August 2012 Biomass burning 23 0.76 1.67 

11 19 November 2012 Desert dust 21 0.42 0.82 

 

April 26 and September 5, 2011 produced high values of AOD440 (0.58 on April 26 and 0.55 on 

September 5). They were considered to be desert dust due to the low values of the ¡ngstrºm 

parameter (Ŭ = 0.43 and Ŭ = 0.75, respectively), to the predominance of the coarse mode and to the 

single scattering albedo increasing with wavelength (SSA440 = 0.92 to SSA1020 = 0.96 and SSA440 = 

0.91 to SSA1020 = 0.97, respectively). The imaginary part of the refractive index was found in the 

range 0.003 Ñ 0.001. Similar optical properties of aerosols in June 3 and 10, and November 19 in 2012 

indicate their desert origin as well. In order to explain the data, backward trajectories were analyzed 

using HYSPLIT model. Air masses trajectories were found to be oriented from northern Africa 

towards the South of Europe. 
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In 26 august 2012 was analyzed, when the average AOD is 0.76 at wavelength 440 nm and Ŭ is higher 

(Ŭ > 1.6). The single scattering albedo value decrease with wavelength and the real part of the 

refractive index was found in the range 1.5Ñ0.05; this means the predominance of the accumulation 

mode. From correlation between ¡ngstrºm parameter computed in the spectral interval 440 ï 870 nm 

and AOD at 440 nm for Timisoara, is was conclude that the atmosphere is loaded with particles from 

the biomass burning. Correlation between HYSPLIT model and MODIS show that the air masses 

trajectories are passing over the biomass burning sites and then towards Timisoara. The same pattern 

was found for other cases of pollution with biomass burning aerosol. 

 

CONCLUSIONS 

 

The aerosol properties including aerosol optical depth, ¡ngstrºm parameter, single scattering albedo, 

volume size distribution and real part of refractive index were analyzed for Timisoara station by using 

the sun photometer measurements during 2011 and 2012. By analyzing these properties the aerosol 

type is determined.  In this period several pollution episodes occurred, five of them with dust and six 

with biomass burning. Generally the pollution with aerosol pollution has a negative effect on solar 

irradiance, regarding the energy losses. 

 

REFERENCES  

 
Adler G., J. M. Flores, A. Abo Riziq, S. Borrmann, and Y. Rudich, (2011) Chemical, physical, and optical 

evolution of biomass burning aerosols: a case study, Atmospheric Chemistry and Physics, 11, 1491-

1503. 

Alizadeh Choobari O., Zawar-Reza P., Sturman A. (2014) The global distribution of mineral dust and its impacts 

on the climate system: A review, Atmospheric Research, 138, 152 -165 

Calinoiu D., Paulescu M., Ionel I., Stefu N., Pop N., Boata R., Pacurar A., Gravila P., Paulescu E., Trif-Tordai 

G. (2013) Influence of aerosols pollution on the amount of collectable solar energy. Energy Conversion 

and Management 70, 76ï82. 

Dubovik O., Smirnov A., Holben B., King M.D., Kaufman Y.J.,  Eck T.F., Slutsker I. (2000a) Accuracy 

assessments of aerosol optical properties retrieved from AERONET sun and sky-radiometric 

measurements, Journal of Geophysical Research, 105, 9791 ï 9806. 

Dubovik O., and King M.D. (2000b) A flexible inversion algorithm for retrieval of aerosol optical properties 

from Sun and sky radiance measurements, Journal of Geophysical Research, 105, 673 ï 696. 

Dubovik O., Holben B., Thomas F., Smirnov A., Kaufman Y.J., King M.D., Tanre D., Slutsker I. (2002) 

Variability of absorption and optical properties of key aerosol types observed in worldwide locations, 

Journal of the Atmospheric Sciences, 59, 590 ï 608. 

Dubovik, O., Sinyuk A., Lapyonok T., Holben B.N., Mishchenko M, Yang P., Eck T. F., Volten H., Munoz O., 

Veihelmann B., W. J. van der Zande, Leon J.F., Sorokin M., and Slutsker I., (2006) Application of 

spheroid models to account for aerosol particle nonsphericity in remote sensing of desert dust, Journal 

of Geophysical Research, 111, 34. 

Gustafsson, O., Krusa, M., Zencak, Z., Sheesley, R. J., Granat, L., Engstrom, E., Praveen, P. S., Rao, P. S. P., 

Leck, C., Rodhe, H., Brown (2009) Clouds over South Asia: Biomass or Fossil Fuel Combustion?, 

Science, 323, 495ï498. 

Mahowalda N., Albania S., Koka J.F., Engelstaederc S., Scanzaa R., Warda S., Flanner G.M. (2013) The size 

distribution of desert dust aerosols and its impact on the Earth system, Aeolian Research, Article in 

Press, Elsevier. 

 

  



IV International Conference ĂECOLOGY OF URBAN AREAS 2014ñ, 9-10th October 2014, Zrenjanin, Serbia 

 

 17 

IV International Conference 

ñECOLOGY OF URBAN AREASò 2014 
 

ASSESSMENT OF DUST POLLUTION AND BIOTOXI CITY SNOW 

COVER URBAN AREA (UFA, RUSSIA) 

E.E. Nurtdinova
1
, S.V. Nikolaeva

1
, N.G. Kuramshina

1
, E.M. Kuramshin

2
 

1
Department of Environmental Protection and Rational Use of Natural Resources,  

Ufa State University of Economics and Service, Ufa, Russian Federation 
2
Department of Physical and Organic Chemistry,  

Ufa State Petroleum Technical University, Ufa, Russian Federation 

oosiripr@yandex.ru; post@ugues.ru; n-kuramshina@mail.ru; ens.kuramshin@mail.ru 

 

 

ABSTRACT  
 

Dust pollution of snow cover of an urban area is studied and the assessment of biotoxicity of tests of the snow 

which have been selected in industrial, inhabited, park zones and at highways is given. 

 

Keywords: Snow, dust pollution, biotoxicity, infusoria. 

 

 

INTRODUCTION  

 

In recent years, much attention is paid to issues of air pollution. Shows the quantitative relationship 

between the concentrations of various pollutants in the atmospheric air and the population health 

indicators (Kuramshina et al., 2013). Snow cover is the convenient indicator of pollution of 

atmospheric air, it as the natural store registers the valid size of losses of polluting substances during a 

cold season. As is known, the pollution of snow cover occurs in wet and dry loss of pollutants from 

the atmosphere. For regional and global pollution fraction of dry deposition is usually 10-30%, but 

close to local sources with large emissions of the coarse aerosols fraction part of dry emissions may 

reach 70-80% (Vasilenko et al. 1985). The analysis of literature data shows that the usual information 

about the content of chemical substances in snow cover is clearly insufficient to assess the degree of 

toxicity and hazards to the environment, because in the combined effects of chemicals toxic effects 

may increase. In this connection, very informative methods are biological testing by sensitive 

organisms to evaluate the toxicity of water-soluble substances present in the snow.  

 

The present work is devoted to the study of dust pollution of the snow cover, Ufa and assessment of 

biotoxicity of snow samples taken in the industrial, residential and green areas, at highways with 

heavy traffic, as well as with the background territories remote from urban areas in South-Western 

direction, opposite to the prevailing winds. 

 

MATERIAL AND METHODS  

 

Samples of snow were collected in industrial and Park zones in the forest and at highways with heavy 

traffic. As a control used samples of snow background of the region, remote from Ufa at a 

considerable distance, where there are no local sources of pollution. Samples of snow were taken in 

the spring before the melting of the pits prepared for all thickness of the snow cover. Thus recorded 

the size of the pit (length, width, depth), date of selection and duration of accumulation of snow cover. 

The time period of accumulation of atmospheric deposition was calculated from the date of stable 

snow cover up to the time of sampling. Samples of snow had thawed at room temperature, filtered for 

separation of solids deposition. After drying sludge weighed. Mass of sediment was determined by the 

total mass of dust falling on a unit area per unit time. The calculation was carried out according to the 

following formula: m = ms /SĀt, where m is the mass of dust falling on a unit area per unit time 

(kg/km
2
Åday); ms - mass of dust deposited snow, kg; S - area of the pit, km

2
; t is the time interval 
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between the date of stable snow cover and sampling of snow day (Vasilenko et al., 1985, Kuramshina 

et al., 2000). 

 

Toxicological estimation of snow water samples obtained during thawing of snow samples were 

performed by the method of biotesting with the use of daily culture of infusoria of Stylonychia 

according to Fomin et al., 1992, Kuramshina N.G. et al., 2000. Assessment of the degree of toxicity 

were performed in the automatic mode using avtomehanizaciya with biodetection, engine positioning, 

computer and software complex analysis of toxicity (VNIRO, LLP "Biotest"). Biotoxicity test water 

was estimated by the change of the survival of the ciliates on exposure in the test water. Criterion 

toxicity was reduced survival of the ciliates 50% or more in the analyzed water in comparison with the 

control. 

 

RESULTS AND DISCUSSION 

 

Obtaining a detailed picture of pollution of atmospheric air of city territory is very difficult because of 

the large number of emission sources and complex spatial distribution of pollutants in urban 

conditions. Practically the only reliable source of data on the extent of urban pollution of the 

atmosphere is the study of pollution of the snow cover. The results of the study of the spatial 

distribution of dust pollution in the urban area in 2012 presented in table 1. For comparative analysis 

attracted our results obtained previously in 1995 (Kuramshina et al., 2000). 

 

Table 1: Dust pollution of the snow cover, Ufa 
 

 

 

Place of sampling 

The mass of 

dust, mg 

The area of 

the pit, m
2 

Duration of 

snegostav,day  

Dust load, 

kg/km
2
Āday 

1995 2012 1995 2012 1995 2012 1995 2012 

Industrial zone 

Khimprom 831,3 33,7 0,17 0,04 137 133 35,7 7,0 

North area 199,0 123,3 0,27 0,35 134 135 5,5 2,6 

Residential area 

Mr. Inors 495,1 82,1 0,12 0,07 134 131 30,9 8,6 

Mr. Sipaylovo 152,9 165,3 0,12 0,04 127 135 10,0 30,6 

Mr. Green grove 122,1 121,0 0,06 0,04 122 134 16,7 22,4 

Mr. Nizhegorodka 462,5 27,1 0,12 0,12 121 134 31,9 1,7 

Mr. Dema 107,3 110,2 0,085 0,14 125 136 10,1 5,8 

City parks, suburban forests 

Park Gafuri 40,8 53,2 0,12 0,05 127 130 2,7 8,2 

Park Kalinina 344,4 304,5 0,12 0,07 127 131 22,6 32,7 

Park Yakutova 293,3 168,0 0,077

5 

0,04 122 130 31,1 32,3 

Lenin Park 5,7 141,8 0,12 0,07 130 132 0,40 15,4 

 North water diversion 153,3 79,2 0,06 0,04 134 133 19,1 14,9 

R. of Sutolka (forest) 333,9 91,2 0,06 0,04 122 130 45,8 17,5 

Park Demsky 419,4 197,6 0,12 0,10 125 132 27,9 14,7 

Bridge Ufa-Dema 

(forest) 

251,0 130,3 0,12 0,05 125 142 16,7 18,3 

Road 

Ufa-Zaton 242,8 133,0 0,24 0,08 130 131 7,8 12,7 

Ufa - Dema 100,6 118,4 0,20 0,07 125 139 4,0 12,2 

Ufa-Kandry 189,4 201,0 0,07 0,05 125 138 21,6 29,1 

Background territory 

Podymalovo village 96,6 78,6 0,14 0,10 128 134 5,4 5,9 
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The results presented in table 1, indicate that in the period 1995-2012, the level of dust load in most 

functional areas, Ufa declined significantly. However, it is not typical for transport zone and for some 

parts of the residential and green areas. The variations in the values of absolute and relative dust load 

in different functional zones of the city territory is presented in table 2. 

 

Table 2: Absolute and relative values of the dust loadin various areas, Ufa (2012) 
 

Functional area Dust load 

Absolute, kg/km
2
Āday Relative 

Industrial 2,6 ï 7,0 0,4 ï 1,2 

Residential 1,7 ï 30,6 1,0 ï 5,2 

ʊʊ Park ʊ 8,2 ï 32,7 1,4 ï 5,5 

Transport 12,2 ï 29,1 2,1 ï 4,9 

Background 5,9 1,0 

 

From the results shown in Table 2 suggest that most of the urban territory observed exceeding the 

background level of dust pollution. The maximum values of the characteristic of the residential and 

park areas adjacent to industrial sites and urban thoroughfares. In assessing loss-dust decided to 

allocate four levels of contamination: low ï 100-250; medium ï 250-450; high ï 450-850; very high ï 

more than 850 kg/km
2
 day. Studied urban area can be attributed to slightly polluted because the 

maximum level of dust load (32.7 kg/km
2
Āday) significantly lower than that (100 kg/km

2
Āday). 

 

The results of the study of biotoxicity of snow samples taken in the spring of various functional zones, 

Ufa, presented in table 3. 
 

Table 3: Biotoxicity samples of snow cover territory, Ufa 
 

Place of sampling Survival of the ciliates, % Index toxicity (0-1) 

Industrial zone 

Khimprom 31 0,69 

North area 33 0,67 

Residential area 

mr. Inors 39 0,61 

mr. Sipaylovo 37 0,63 

mr. Green grove 61 0,39 

mr. Nizhegorodka 64 0,36 

mr. Dema 67 0,33 

City parks, suburban forests 

Park Gafuri 60 0,40 

Park Kalinina 70 0,30 

Park Yakutova 62 0,38 

Lenin Park 65 0,35 

North water diversion 66 0,34 

R. of Sutolka (forest) 50 0,50 

Park Demsky 68 0,32 

Bridge Ufa ï Dema (forest) 53 0,47 

Road 

Ufa ï Zaton 57 0,43 

Ufa ï Dema 59 0,41 

Ufa ï Kandry 61 0,39 

Background territory 

Podymalovo village 80 0,20 
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From the results presented in table 3, it follows that higher values of the index of toxicity characteristic 

samples snow water industrial zones (0,67-0,69), two districts in the zone of influence of industrial Northern 

part of the city (0,61-0,63), and the territory adjacent to roads with heavy traffic (0,39-0,43). 

 

The degree of toxicity of dust pollution snow is different. At similar dust load characteristic for a residential 

area adjacent to industrial sites (8.6 and 30.6 kg/km
2
 day.) and parkland (8.2 and 32.7 kg/km

2
 day) biotoxicity 

test snow water of habitable zone (0,61-0,63) significantly exceeds that of the park area (0.30-0.40). 

 

CONCLUSION 

 

Studies suggest regular biotesting of snow cover the urban area for assessing toxic pollution in winter 

period, the method of biotesting has advantages in comparison with a very time-consuming, complex 

geochemical measurements and allows in the integral form to evaluate the toxicity of the emissions. 
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ABSTRACT 

 

Carrying out environmental monitoring allowed to define structure of atmospheric and soil pollution of regions 

of Belarus. The hygienic assessment of degree of danger of pollution of free air and the soil of the cities is given. 

Sources of emissions of polluting chemicals are defined. 

 

Key words: sity, atmosphere, soil, chemical pollutants, monitoring. 

 

 

INTRODUCTION  
 

As a result of the emissions which are carried out by the enterprises of the industry, a reactive wastage 

of the main production, household garbage the composition of city free air which is one of factors of 

habitat of the person, capable to have negative impact on a population state of health significantly 

changes. In it the percent of the maintenance of a dust considerably increases, there are "trace 

quantities" substances, unrepresentative for environment. 
 

FINDINGS AND DISCUSSION 

 

Carrying out environmental monitoring allowed to find existence of atmospheric pollution of 

oxidizing type which are formed as a result of a chemical combination of jet hydrocarbons with 

nitrogen oxides under the influence of a sunlight. For example, in Vitebsk four areas on ecological 

trouble are allocated, in two of which the large production enterprises are concentrated. On value of a 

cooperative index the most polluted in the city is the area of the railway station where level of air 

pollution by the majority of controlled substances is 1,5 - 2 times higher, than in other territory. On 

this site average annual concentration of oxides of nitrogen and a dust makes 1-1,5 maximum 

concentration limits, formaldehyde of 3,3 maximum concentration limits [1]. 

 

The hygienic assessment of degree of danger of pollution of free air is defined by the cooperative 

index IZA (index of pollution of the atmosphere) considering frequency rate of excess of maximum 

concentration limit, a class of danger of substance, quantity collateral present pollutants in the 

atmosphere. As the most significant substances nitrogen dioxide, white damp, suspended matters, 

phenol and formaldehyde are emitted. The analysis IZA loudspeakers for the last 25 years in Minsk 

allows to determine particular consistent pattern. For example, the most adverse IZA was in 1980 -

 1985 (3,4 - 5,5 points) that can be explained with a high level of industrial production. The period of 

recession of industrial production is characterized also by lower IZA (2,0 - 3,0 points). Since 1997 

lifting of an index to 4,4 points and is observed above that is allegedly caused by sharp body height of 

vehicle fleet. Free air of. Minsk it is characterized by the high content of the formaldehyde which 

concentration at the level of maximum concentration limit is noted only in 1987. In other years level 

of formaldehyde is at the level of 1,2 - 3,3 maximum concentration limits. The content of dioxide of 

nitrogen, white damp, suspended matters and phenol was at the level of 0,1 - 0,75 maximum 

concentration limits. 
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The soil cover in an urban environment is one of the main components of the environment, carrying 

out a number of very important functions which set causes the main social function of city soils ï 

comfort of accommodation of the person. Thus it is necessary to recognize that the soil cover of the 

city is the screen of absorption and accumulation of the toxic substances which are besieging from air, 

getting to it with a solid industrial and household waste. In the soil environment toxic substances 

partially decay and lose the activity, other part, interacting with each other and with a soil absorbing 

complex, increases reactivity, increasing the toxicity. Technogenic pollution of soils peculiar and not 

always coincides with pollution of other environments. Soils are an intermediate in pollution of the 

adjacent environments which are first of all surface and underground water, vegetation and free air. 

 

According to the conducted researches [2-5], the economic complex of Mogilev is the main factor of 

negative impact on environment since technogenic pollution of soils through air-gas emissions of the 

production enterprises and vehicles is prevailing. It is noted that the structure and intensity of pollution 

of soils of the city not always correlates with sources existing now and levels of emissions of 

pollutants in the atmosphere. The maintenance of pollutants in soils ï reflection of the anthropogenous 

influence long and changing in time. For example, till 1997 pollution of soils went mainly due to 

specific emissions of the enterprises (a methanol, a carbon disulfide, a hydrogen sulfide, etc.) . In bulk 

volume of emissions of 28 - 32% 10 - 15% ï the power system enterprises, 25 - 59% ï transport 

(without individual vehicles) fell to the share of the production enterprises. Now the total level of 

pollution is formed generally at the expense of the traditional pollutants which are thrown out by 

motor transport and combined heat and power plant. For example, in 2004 with emissions from 

stationary sources among which JSC Mogilevkhimvolokno, RUP "Mogilevliftmash", UERP "Mogilev 

Automobile Plant to them S.M. Kirova", JSC "Mogilev repair plant", in the atmosphere entered 

10,427 t of the heavy metals (HM). 

 

Geochemical researches testify to the composite ecological condition of a soil cover of Mogilev. The 

structure of pollutants is multidimensional and caused more by specifics of an economic complex. 

Data processing of the geochemical analysis with creation of statistical surfaces on a kriging-method 

for concentration of separate metals and for Zc was carried out in the environment of GIS by means of 

expressly developed complex of programs so that classification of extent of pollution corresponded to 

provisions. All zonal statisticians given below have estimating character and are received by results of 

the analysis of statistical surfaces together with the card of use of territories from the Master plan of 

Mogilev (table 1) [5]. 

 

Table 1: Pollution of a soil cover of the functional zones of Mogilev and adjacent territories 
 

The functional zone 
The area, 

hectare 
Zn Cd Pb Mn Cu 

Square of the 

polluted lands, 

% 

Public and housing multiroom estate 1543,8 8,8 21,6 8,2 0,2 0,8 31,7 

Housing farmstead development of city 

type 
2360,3 16,6 22,0 7,0 0,2 0,7 32,1 

Housing farmstead development of rural 

type 
350,1 - - - - - - 

Production and municipal and warehouse 

building 
2309,7 6,9 7,1 7,1 1,7 - 20,9 

The planted trees and shrubs public 

territories 
1309,4 12,2 28,3 8,6 - 0,3 39,1 

The planted trees and shrubs territories of 

a special purpose 
386,6 7,5 4,6 4,2 - - 13,8 

Inundated territories 531,9 34,4 36,8 8,7 - - 53,0 

Turnpike and main streets and roads 667,0 10,8 18,4 7,4 0,1 0,6 29,7 

Public railroad 298,4 3,4 5,7 17,5 1,9 0,1 25,3 

Engineering constructions 12,0 40,5 40,0 12,3 - - 54,9 

Farmlands 2602,3 0,4 0,1 0,2 - - 0,6 
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Forest area 1148,8 5,4 2,3 12,5 - - 18,1 

Open landscape 988,2 6,2 7,6 10,2 - - 20,4 

Other 152,5 - - 25,3 - - 25,3 

In total 14661,1 7,3 10,6 6,3 0,3 0,2 19,3 

 

The most priority among HM is cadmium which air-gas emissions are bound to work of power system 

and motor transport [6]. The average content of an element is 0,5 mg/kg of the soil at minimum value 

0,02 and maximal ï 1,8. Differentiation of a soil cover of the territory of the city on pollution by this 

metal looks as follows: 

 19,7% of the territory where the content of cadmium does not exceed two background values, 

are not polluted (the earth of agricultural residential suburbs); 

 69,7% of the territory where the content of cadmium in them comes nearer to the parameter of 

maximum loads, are admissible is polluted (mainly territories of the production and municipal 

and warehouse building, and also densely populated zones of multiroom building with a heavy-

bodied transport network); 

 10,6% of the territory where the maintenance of a pollutant is in maximum concentration limit 

limits, are extremely dangerously polluted (the downtown and the floodplain of the Dnepr River 

a zone of accumulation of Cd which is washed away from the territory of a reservoir of a river 

basin). 

 

Accumulation of Zn in the soil is bound to work of motor transport, objects of power system and 

metallurgy [6]. Average content it in soils makes 49,9 mg/kg of the soil at minimum value 6,2 and 

maximal ï 512,0. Differentiation of the territory of the city on extent of pollution by Zn of is as 

follows: 53,2% of the area it is not polluted (generally farmlands of adjacent territories and in housing 

farmstead estate); about 40% of the territory of the city have admissible extent of pollution and 

represents a reserve of the next pollution of lands since the content of Zn in them comes nearer to the 

maximum concentration limits parameters (the earth of zones of city buildings, thoroughfares and 

floodplains of the city rivers); 7,3% of lands are extremely dangerously polluted (a flood plain of the 

Dnepr River). 

 

Accumulation of lead in soils is bound to pollutions of products of combustion of fuel, especially 

when using motor transport on ethylated autogasoline [6]. Average content it in soils makes 

15,4 mg/kg of the soil with fluctuations from 1,8 to 227,3. Differentiation of a soil cover on degree to 

pollution is noted: 

 87% of the territory where the content of lead does not exceed two hum noises, are not polluted 

or poorly polluted; 

 6,7% of the territory where the maintenance of a pollutant is ranging from two hum noises to 

maximum concentration limit, are admissible is polluted; 

 6,3% of the territory are extremely dangerously polluted (it is noted in territories of all 

functional zones, it is more in a flood plain of the Dnepr River, along transport highways, 

especially in right-bank and central part of the city). 

 

Intensity of pollution is expressed by manganese much more weakly in comparison with other 

pollyutant. The average contents it in the selected soil tests makes 342,1 mg/kg of the soil at minimum 

value 20,5 and maximal ï 3170,0. 80,4% of the territory of the city the maintenance of Mn has less 

than two background values, 19,3% of two values of a hum noise up to the size maximum 

concentration limit that is defined as admissible level. Polluted Mn of the soil (the contents is higher 

than maximum concentration limit) are noted on the area of 0,3% (the territory of steel works). 

 

Pollution of soils by nickel is bound to pollutions by metallurgical production, in mechanical 

engineering, power industry of [6] and other productions. The average level of the contents it in soils 

of the city makes 6,4 mg/kg at minimum 1,3 and maximal 54,3. 91,2% of the area of soils have the 

content of nickel which is not exceeding two background sizes; 8,8% at level from two background 
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sizes to maximum concentration limit (knot of the enterprises of JSC "Mogilev Electromechanical 

Plant", RPUP "Mogilev plant "Strommashina", Elektrodvigatel plant, JSC "Volt"). 

Accumulation of copper in the soil is caused by air-gas emissions in the atmosphere in metallurgical 

production and mechanical engineering [6]. The average maintenance of this pollutant in the selected 

soil tests makes 10,4 mg/kg at minimum 2,6 and maximal 53,8. Differentiation of a soil cover 

according to the content of copper looks as follows: 98,1% of soils ï the contents no more than two 

background values; 1,7% ï from two background values to maximum concentration limit, 0,2% at the 

level of maximum concentration limit (RPUP "Mogilev plant "Strommashina", Elektrodvigatel plant, 

JSC "Mogilev Steel Works"). 

 

By researches it is established that chrome is not a factor of pollution of a soil cover of studied objects: 

the contents it in the selected soil tests does not exceed background values. 

 

The index of a total score of pollution of a soil cover is one of very important indicator indexes of 

safety of conditions of accommodation of the person in the occupied place. It generalizes actions of all 

complex of pollutants on an ecological condition of a soil cover and gives an assessment of extent of 

their pollution. It is established that in the territory of Mogilev the area of the polluted soils makes 

22,8%, level of their pollution is insignificant: Zc = 1,8 that allows [8] to consider on the basis of 

existing standards a soil cover of the city insignificantly polluted. 

 

CONCLUSIONS 

 

Therefore, regulation of body height of the cities, town-planning actions, carrying out of "dirty" 

productions from the large centers, the corresponding changes of technological processes and 

inventory, improvement of cleaning of a wastage of productions, improvement of treatment facilities 

at the enterprises, development of waste-free productions the major solutions about improvement of 

quality of life in the large city. 
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ABSTRACT 

  

This paper in a technical review of the fuel changes and technology options for existing coal fired power plants 

from Romania in response to new requirements in the amount of pollutants air emissions. Industrial Emissions 

Directive (Directive 2010/75/EU) aims to improve air quality in European countries and protection against 

health risks due to air quality. Additionally it aims to reduce the amount of acid, eutrophication and formation of 

ground level ozone to record a fall in concentration of pollutants such as sulfur dioxide, nitrogen oxides and 

particles in the air. To comply with these regulatory requirements, it is important to implement Best Available 

Techniques(BAT) NOx control technologies on coal fired boilers. The popular primary control technologies at 

large combustion plants in the EU are low-NOx burners and over-fire air. The secondary NOx technologies 

applied on EU coal-fired boilers are reburning, selective non-catalytic reduction (SNCR), and selective catalytic 

reduction (SCR).  

 

Key words:  nitrogen oxides, urea, selective non-catalytic reduction, selective catalytic reduction, lignite fired 

boilers. 

 

 

INTRODUCTION  

 

Over 35% [2] of the delivered power in Romania comes from the 20 GW of installed coal, natural gas 

and heavy oil power plants. As a Member State of the EU Romania agree at the Spring session of the 

European Council on 9 March 2007 to reduce until 2020 the emissions of greenhouse gases 20% 

compared to the levels of 1990 [3].  

 

During the combustion of fossil fuels NOx is produced in the form of NO 95% and NO2 5%. But 

nitric oxide with oxygen from the air and under the influence of ultraviolet rays becomes a very toxic 

gas NO2 to humans and the environment. 

 

NOx reducing technologies can be placed in two categories: primary control technologies and 

secondary control technologies.  

 

Primary control technologies 

 

The primary control technologies as the name says reduce the amount of NOx in the primary 

combustion zone, and the secondary technologies reduce the NOX in the flue gas away from the 

combustion zone. Also a secondary technology to reduce NOX such as reburning uses a second stage 

of combustion. 

 

The most popular primary control technologies are low-NOx burners (LNB) and overfire air (OFA). 

Based on the capacity of the unit, fuel, and reducing requirements to achieve good performances from 

primary control technologies we can use one o both of these. 

 

A LNB limits the NOx values by controlling the stoichiometric and temperature in the combustion 

process. This LNB are designed to regulate the aerodynamic distribution and mixing of the fuel and 
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air, so modifying the operating conditions: reduces the availability of oxygen in primary flame zone, 

reduce the flame temperature and residence time of peak flame temperature [3]. Installed on existing 

coal-fired power plants modern air-staged LNB can achieve NOX reductions up to 50%. LNB flames 

are longer compared to regular burners. In case of rehabilitated boilers the flames can reach the 

furnace walls, this may require LNB adjustments thereby modifying the capacity of NOX reduction. 

 
Figure 1. Low-NOX burner 

 

Retrofitting of a boiler by adding OFA involves modification boiler walls and water tubes to create the 

necessary space for installing air nozzles and the addition of ducts, dampers and the wind box. The 

operating principle of this system is based on a lack of oxygen in the primary combustion zone and an 

excess of oxygen in the secondary combustion zone to ensure complete burn-out. Based on this 

principle the amount of oxygen in the combustion zone is reduced to 70-90%. Normally 15-30% of the 

combustion air needed for the burn-out is deviated and introduced through these air ports positioned 

above the primary combustion zone. 

 

To comply with existing and future Nox regulations required by law at the level of 200 mg / m3N (in 

reference to 6 % O2) in the output flue gases, primary measures described above are not sufficient. 

Intervention is required such as secondary measures.  

 

Secondary control technologies 

 

The most popular secondary control technologies are reburning, SCR and SNCR. Reburning method is 

based on the introduction of fuel above the main combustion zone thereby creating a fuel-rich zone. In 

this area hydrocarbon fragments react with NOX to form hydrogen cyanide (HCN), isocyanic acid 

(HNCO), isocyanate (NCO), and other nitrogen-containing species [5]. These compounds of hydrogen 

are finally reduced to N2. To complete burnout of reburning fuel, air is introduced above the injecting 

area. Retrofitting of a boiler by adding fuel reburning is very important to know the fuel available, a 

balancing of capital versus operating costs, and boiler specifications. It is a very expensive method, in 

many plants in which these reburning technologies have been installed it does not work due to high 

costs of operation. 

 

The first power plant that used reburning technology is a wet-bottom, wall fired 300MW Ladyzhin 

unit in Ukraine [5]. In general a NGR technology can achieve up to 60 % NOx reduction. 
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Figure 2. Boiler with reburning 

 

Another method of reducing NOx is SCR, this is a post-combustion method. The operating principle 

of this installation is to introduce in flue gas path a reducing agent derivative of NH3, and then the flue 

gas in the presence of a catalyst form N2 and water. Depending on the location of the catalyst we order 

3 installations: 

 

 DeNOX Ÿ Dust removal Ÿ DeSOx: The catalyst is placed before electrostatic precipitator 

and desulphurization installation. The advantage is that the flue gases are at the desired 

temperature but has the disadvantage that the gases are not dedusted and desulfurized, which 

can be a disadvantage for the catalyst. 

 

 Dust removal Ÿ DeNOX  Ÿ DeSOx: The catalyst is placed after dedusting. Has the 

advantage that the gas stream is filtered but has the disadvantage that the flue gas must be 

reheated  

 

 Dust removal Ÿ DeSOx Ÿ DeNOX: The catalyst was placed at the end of circuit of the flue 

gas cleaning. Flue gas reheating is required. The advantages are reduced exposure to abrasives 

and smaller dimensions catalyst. 

 

Different types of catalysts are used depending on the flue gas temperature: between 300 and 450 ÁC 

uses titanium oxide, for temperatures between 300 and 600 ÁC uses porous aluminum silicate or 

zeolite and for temperatures between 100 and 220 ÁC particles of activated charcoal partially 

combined with inert material. Installed on existing coal-fired power plants SCR can achieve NOX 

reductions up to 90%. One of the main disadvantages is the space needed for the installation of 

facilities necessary for the functioning SCR. In the existing plants is almost impossible to find a 

section on the flue gas channel where the catalyst can be installed. 
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Figure 3. Boiler with SCR installation 

 

Forty years after Lyonôs patent defining the conditions for selective non-catalytic NO reduction to N2 

by ammonia (SNCR, excess air conditions, 850 to 1100Ü C) [1], there is continuing industrial interest 

in its use as a low cost and effective control technique. The main advantage of SNCR to SCR 

installations is that these systems do not require a catalyst.  

SNCR reaction for urea and ammonia(NH3) are: 

 

(NH2)2CO+2NO+1/2O2 Ÿ 2H2O+CO2+2N2          (1) 

 

2NH3+NO+1/2O2Ÿ2N2+3H2O             (2) 

 

If the temperature in the area where is injected the reducing agent and reaction time are not appropriate 

non-reacted ammonia may pass through the stack. This amount of non-reacted ammonia is known as 

ñNH3 slipò. High concentrations of NH3 slip can react with sulfuric compounds and form ammonium 

sulfates and bisulfates can cause plugging. Fly ash from a boiler with high NH3 slip is odorous and his 

marketability is reduced. Installed on existing coal-fired power plants SNCR can achieve NOX 

reductions ranged from 15- 60%.   

 
Figure 4. Boiler with SNCR installation 
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MATERIAL AND METHODS  

 

The power plant studied 

 

Power plant SUD, Timisoara, Romania is composed of the main equipment: 

 Two hot water boilers of 100 Gcal / h (116.3 MWt) powered by coal and natural gas  

called CAF, CAF 2 

 Three steam boilers of 100 t / h, 15 bar, 250 Á C powered by coal and natural gas called CAE1, 
CAE2, CAE3 

 A steam turbine type R 19.7-1.4 / 0.3 to 1.2 bar backpressure and 19.7 MWe 

 Three tubular heat exchangers for district heating capacity of 50 Gcal / h (58.15 MWt) 

 Four steam boiler 10 t / h, 15 bar superheated steam, powered by natural gas maintained in 

cold reserve. 

 

Currently, slag and ash deposit of power plant SUD Timisoara is the only one in Romania as 

Environmental requirements. It is located 1.5 km southwest of the village Utvin. Steam boilers of 100  

t/h were originally intended for industrial use. These consumers have disappeared and 19.7 MW steam 

turbine is a very recent investment (commissioning in 2007), making it possible to ensure urban heat 

cogeneration. 

 
Figure 5. Power plant SUD thermo-mechanical simplified scheme 
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Table 1: Fuel properties in Romania [7] 
 

Properties Lignite Coal Heavy oil Imported coal 

Heating value Hu [kj/kg]  7.397  õ  8.617 15.330 39.500 27.026 

Carbon C [kg/kg] 0,230  õ 0,191 0,388 0,845 0,671 

Hidrogen  H [kg/kg] 0,019  õ  0,016 0,030 0,094 0,0417 

Fly ash [kg/kg] 0,211  õ  0,275 0,370 0,003 0,1871 

Water [kg/kg] 0,423  õ  0,420 0,108 0,009 0,042 

Nitrogen [kg/kg] 0,010  õ  0,034 0,008 0,003 0,007 

Sulfur [kg/kg] 0,007  õ  0,006 0,014 0,033 0,0175 

Oxygen [kg/kg] 0,100  õ  0,058 0,082 0,013 0,033 

 

The reducing agent will be conveyed via circulation pipeline from the storage tank to the Mixing and 

Metering Module. The Module contains all necessary measuring equipment and valves for the 

injection of the reducing agent. The injection is situated in the combustion chamber at a temperature 

between 900 ï 1,000 ÁC. The PLC for measuring and controlling is placed in a control cabinet. The 

separate control cabinet is located nearby the storage tank. 

 

The SNCR process uses injection nozzles which assure the necessary size and velocity of the liquid 

droplets, correlated to both the boiler geometry and the flue gas conditions [2]. Each injection lance is 

equipped with one or more nozzles to ensure an equal distribution of the diluted reducing agent in the 

flue gas. Because of the easy handling, mostly compressed air instead of steam is being used for 

atomizing.  

 Figure 6.  SNCR installation in Power plant SUD 

 

Figures 3 and 4 represent the flow of the injection, generated at different levels. Depending on the 

temperature, the reducing agent will be injected in one of the injection levels. The injection takes place 

at the level of the optimal temperature range of 900 to 1,000ÁC. The quantity and positioning of the 

lances depends on the dimensions of the furnace cross section, the required NOx reduction and the 

operating conditions. The lances are equipped with an outer mixing chamber where the reduction fluid 

is atomized by pressurized air. The reduction fluid will pass one or more outlets at the lance tip. The 

quantity and direction of these nozzles are designed according the injection geometry. The media 

(air/reducing agent-water mix) are transported to the lances through flexible steel hoses. 

 

Because of the time delay between the injection and the NOx concentration measurement at the stack, 

the necessary reducing agent flow has to be pre-calculated in order to follow the changing operating 

conditions as closely as possible.  
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Figure 7. Injection Level 1 (Power plant CET 

Timisoara Sud) [7] 

Figure 8. Injection Level 2 (Power plant CET 

Timisoara Sud) [7] 

The reducing agent proposed is NOxAMID45  with the following characteristics [7]: 

 Chemical characterization: 45 weight-% urea solution with additive 

 Density: 1.126 kg/m3, 

 pH: app. 9, 

 Boiling temperature: 106 - 110  ÁC, 

 Crystallization point: + 11  ÁC, 

 Ignition point: not applicable, 

 Explosion limit: not applicable, 

 Color: colorless, 

 Odor: slightly NH3 odor, 

 Form: watery liquid, 

 Water risk class according to WHG: Class 1 (WHG: Wasserhaushaltsgesetz; German water 

law), 

 Consumption estimate of reducing agent for a line: 69 kg/h maxim. 

 

Ecological aspects 

 

After burning coal the quantity of nitrogen oxides, are 95% is the form of NO and 5% NO2. But 

nitrogen monoxide in the presence of oxygen from air and under the influence of ultraviolet rays 

becomes nitrogen dioxide a very toxic gas for people and the environment [4]. 

 

Given the low level of NO3 concentration required 200 mg / m3N (in reference to 6 % O2) by law in 

the output flue gases, the proposed SNCR system guarantees a NOX concentration in dry clean gas at 

stack outlet (referred to 6 % O2) as maximum daily average  of 200 mg / m3N, at 100 t/h boiler load. 

The NH3 slip in dry clean gas at stack outlet (referred to 6 % O2) is presumed, according our 

calculations, by a daily average maxim at 100 t/h boiler load of 20 mg / m3N. 
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RESULTS AND DISCUSSION  

 

With measurements made in 2010 before upgrading the NOX level exceeds the concentration required 

200 mg/Nm3. There were instantaneous measurements of NOX 604 mg/Nm3. 

 

Table 2: Emissions from Power plant SUD in 2010 
 

Chimney 

SO2 NOx Particles 

Emissions 2010 Emissions  2010 Emissions 2010 

Concentration 

(mg/ m
3
N ) 

Amount 

(tons) 

Concentration 

(mg/ m
3
N ) 

Amount 

(tone) 

Concentration 

(mg/ m
3
N ) 

Amount 

(tone) 

IMA 6  3444 1116 468 152 55 18 

IMA 7  3436 1305 426 162 203 77 

 

As a result of EU accession negotiations (Brussels, 31 March 2005) were imposed these quantities of 

pollutants for Power plant SUD: 

 

Table 3: Quantities of pollutants allowed in Power plant SUD 
 

Chimney Pollutant 2010 2011 2012 
2013-

2016 

IMA 6 

SO2 (tons) 648 648 648 131 

NOX (tons) 128 128 83 83 

Particles 

(tons) 
22 22 22 22 

IMA 7  

SO2 (tons) 4116 823 823 823 

NOX (tons) 531 531 531 344 

Particles 

(tons) 
90 90 90 90 

 

To achieve this environment conditions will require using primary and secondary control technologies 

to reduce NOX. As a primary control technology we recommend OFA and for secondary control 

technology we recommend SNCR. Measures proposed are BAT techniques as follows: OFA-BREF 

May 2005, section 3.4.1.2   SNCR- BREF, 2005, Section 3.4.2.2. 

 

From the secondary air flow of the pulverized coal burners we will make a bypass by which the warm 

air will be fed with a set of ports positioned in the furnace walls in a section above the coal burners. 

Air by burners will be reduced to a level close to the stoichiometric. This will generate in the primary 

combustion zone a lower temperature level, which limits the rate of formation of NOX. Additional air 

is introduced through the ports; excess of oxygen in the secondary combustion zone will ensure 

complete burn-out. For this reason, the location of the ports is at a considerable distance from the top 

level of burners in the direction of the flue flow gas without exceeding the the distance limit to which 

air can participate in the combustion process. 

The reducing agent is sprayed as an aqueous solution in a section upstream of the optimal zone, but in 

the immediate vicinity. As the load variation of the boiler system lead to changes in the temperature of 

the flue gas, the optimum injection zone "slip" at the top of the furnace. In these circumstances it is 

possible that the injection not be optimal over the entire heat load of the boiler. In order to avoid such 

a situation, the injection of the reducing agent is through a system of injectors placed in the two 

sections. Depending on the thermal load the boiler would be operated fuel injectors located in the 

optimum temperature. 

 

The OAP aims to reduce NOX emissions from 540 mg / m3N  at 400 mg / m3N. SNCR further will 

ensure reduction to 200 mg / m3N. Together will yield a reduction of more than 50%. 
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We monitored NOX in the flue load operation before retrofitting and after. Monitoring was done 

within 24 hours in 18.01.2013. In the first chart we can see the NOX level measured without SNCR 

installation. 

 

Average amounts of NOx measured at the stack were 589.32 mg/m3N.  
 

 
Figure 9. NOX measured at the stack (Power plant CET Timisoara SUD) 

 

In the second chart one can see the NOx  measured with OAP installation with boilers at full capacity. 

Average amounts of NOx  measured at the stack was in one day 348.07 mg/ m3N. Also it is notable 

that OAP results register a removal rate around 40%. 

 

 
Figure 10. NOX measured at the stack with OAP (Power plant CET Timisoara SUD) 

 

As we can see the primary measures are not enough. Given the low level of NOX concentration 

required 200 mg/ m3N (in reference to 6 % O2) by law in the output flue gases, the proposed SNCR 

system guarantees a NOX concentration below the limit imposed. In the next chart we can see the 

NOx level reached with the SNCR installation and the NOx level required.  
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Figure 10.  NOX measured at the stack with OAP and SNCR (Power plant CET Timisoara SUD) 

 

Average amounts of NOx measured at the stack was in one day 156.6  mg/m3N. The removal rate of 

nitrogen oxides contained in the flue gas is around 70%.  

 

CONCLUSION 

 

In most cases the primary measures are not enough to reduce nitrogen oxides in the flue gas is 

recommended to use secondary measures. 

 

For solid fuel fired boilers without large variations of load and a stable fuel quality, the SNCR 

technique is regarded as BAT to reduce NOx emissions as follows: SNCR-BREF May 2005, 

paragraph 3.4.2.2.[3] and OFA-BREF May 2005, section 3.4.1.2. 

 

This research proved that engineers make efforts to optimize the SNCR system with other 

technologies for controlling NOX and other air pollutants and that this is possible.  

 

The OAP and SNCR technologies aim to reduce NOx emissions from 540 mg/m3N at 200 mg/m3N.  

 

We monitored NOX in the flue load operation before retrofitting and after. Monitoring was done 

within 24 hours and the average amounts of NOx measured at the stack were 589.32 mg/m3N.  

 

After retrofitting the average amounts of NOx concentrations measured at the stack was in one day 

156.6  mg/m3N. The removal rate of nitrogen oxides contained in the flue gas is around 70%.  

 

After installation of dense slurry and desulphurization with this investment, Power plant CET 

Timisoara SUD will be the first power plant from Romania that meets all environmental conditions 

assumed in the EU accession. 
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ABSTRACT  

 

Ligustrum lucidum, Fam: Oleaceae and Leandro plant, Nevium Oleander, Fam: Apocynaceae  were collected 

from urban area of Durres city, Albania with different anthropogenic impact in the city. The tree leaves were 

sampled during the March 2013. 42 samples of leaves of four tree species were collected at 20 sampling sites 

among main streets of Durres city and a composite sample was prepared for the analyses of each tree sample. 

Concentrations of trace metals in leaves samples were analysed by furnace AAS. CVAAS was used for the 

determination of Hg. The trace metal contents were expressed as arithmetic means and standard deviation. The 

analytical data were subject to statistical analysis. Statistical analysis of the data was carried out using EXCEL 

and MINITAB-15 Package Programs. After statistical treatment of the data it's note:  

Å the tendency for distribution of the elements listed in an ascending order of accumulation factor. For 

each elements the list is: Hg<Pb<Cu<Zn<Mn. Here we can distinguish more clearly the changes in 

concentration of different elements in various monitoring points.  

Å the area is mainly polluted by Pb, Mn, that represent a high accumulation factors and high values of 

the coefficient of variances. 

Pearson Correlation analysis (p<0.05) was carried out on the data set of heavy metals to describe their 

behavior and the association. Weak correlation (R
2
<0.45, p<0.05) were found between Pb-Mn, Zn-Cu and Mn-

Cu in leaves samples. Multivariate analysis (Cluster Analysis and Factor Analysis) were caried out to detect the 

groups of samples with similar patterns of element concentrations and the number of the groups and most 

important factors were discussed.  Based on the similarity of the distribution of the elements at each sampling 

site, two main groups of elements are extracted. The data were also processed with factor analysis (FA) in order 

to identify the main source categories of the analysed samples regarding the site contamination and elements 

distribution. Two main factors were identified that cause the differences in the distribution of trace metals under 

investigation: the species of the plants and samples position. 

 

Keywords: Vascular plants, Ligustrum lucidum, Fam: Oleaceae and Leandro plant, Nevium Oleander, Fam: 

Apocynaceae, urban environment, air pollution. 

 

 
INTRODUCTION  

 

Air pollution is an environmental problem, which is caused by domestic heating and all the human 

activities. In Durres city the heavy traffic is a factor that affects more in the level of pollution, 

especially during the summer tourist season. Automobile transport also affects in the spread of dust 

and increased concentration of different pollutants such as heavy metals into the air, coming mostly 

from traffic emissions. A major impact on pollution of these area has had and continues to have the 

Chemical Company in Porto Romano area, which was closed in 1990. Until it is closed it has 

produced Sodium Dichromate for leather processing as well as pesticides Lindane and Tiram. Based 

on the environmental report great contamination are in Currila and in Zhiron areas. Certainly, within 

residential areas, also affect the combustion of any organic substance of them (wood, trash, rubber, 

plastics..), as well as vapors  of some production processes within urban areas, which contain gases 

and harmful substances. Based on the degree of exposure of the pollution that is most close to polluted 

areas, ages and their physiological condition bring an increase to the symptoms to effects of pollution 

on their health. So most exposed are the people that live near at dense traffic or at the crossroads, 

especially the people with health problems.  
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The aim of this study is to investigate the level of metal contaminants (Cu, Mn, Pb, Zn and Hg) in 

vascular plants in Durres area. We used many species of vascular plants to accumulate heavy metals. 

Thus, the concentration of these elements in vascular plants, collected from polluted areas is 

significantly higher, than the concentration of these elements collected from areas that are away from 

crossroads or dense traffic. The response of vascular plants depends on the species and the type of 

pollution. There are differences among species regarding the tolerance to heavy metals, but there also 

are difference within the same species found that Hg is the most toxic element. 

 

MATERIAL AND METHODS  

 

Sampling 

 

Samples were taken during the last 10 days of March 2013, at 30 stations in Durres city, at about one 

week after rainy days.  The monitoring stations are distributed along main streets of the city. A 

composite sample was prepared for the analyses of each tree sample. Types of vascular plants that 

were used for monitoring most commonly are : Ligustrum lucidum, Fam: Oleaceae and Leandro, 

Nevium Oleander, Fam: Apocynaceae plants.  

                
   Figure 1. Map of Durres city, where are taken the sample of vascular plant. Monitoring   

 stations 

 
The leaves of Ligustra, Ligustrum, Lucidum (St. 1,2,5,9,10,13,16,17,18,20,21,22,25,38,40,41), 

Ligustrum Sinense (St. 19,29,30,31,32,33,35,39) and Leandro. Nevrum Oleander (St. 7,27,28,42) tree 

species were collected in most sampling sites. The species different from this one are shown in Table 

1. 

 

Table 1: Monitoring stations in Durres city and species of vascular plant 
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Preliminary treatment of samples  

 

After the transportation of leaves sample in laboratory, leaves samples were dried at ambient air on 

sheets paper until a constant weight was reached. Then the dried leaves samples were homogenized to 

a fine material. The leaves crush is made by hand, wearing laboratory gloves without powder 

polyethylene.  

 

Dried plant samples were digested with nitric acid (ultra pure, 65%) and deionized water  (99 : 1) in 

Teflon tubes. The experiment dishes are cleaned with dilute nitric acid and are washed with distilled 

water. Elements standard solutions used for calibration curves were prepared by dilution of base 

standard liquids of 1000 mg /L.  

 

Digesting sample technique was conducted in Teflon tubes with semi-pressure system. 0.5g of dry 

leaves of each sample were digested with 10 mL of nitric acid HNO3 (9:1). Teflon tubes closed and 

then were left at room temperature for 48 h, and digested for 3 hours at 80-90ÁC. Subsequently, the 

temperature was increased to  200ÁC for 1 hour to realize the full digestion. After cooling, the Teflon 

tubes were opened and left for evaporation of nitric acid to small volumes. Samples were then diluted 

with deionized water to a total volume of 50 mL. Vascular plant digests were analysed for Cu, Mn and 

Zn using AAS Atomic Absorption Spectrophotometry using air-acetylene flame. Determination of Pb 

metal was made using AAS with electro-thermal atomiser with graphite furnace. Mercury Hg was 

analysed using an Absorption Techniques with cold vapor  (CV-AAS). This method is specific for 

mercury, since it is only metal that has high vapor pressure at ordinary temperature. If we keep 

inorganic mercury in water solution can be easily reduced with SnCl2 to metallic mercury in the form: 

Hg
0
:  Hg

+2
 + Sn

+2
 Ÿ Hg

0
 + Sn

+4     

   

Calibration method  

 

Linear calibration method that  find the link between the analytical signal and the measured analyse 

concentration were used for obtaining the calibration curves of each element. Blank solution of each 

element was used. Heavy metal concentration in samples were calculated based on their analytical 

signal (value of absorbance  and the relevant equations of calibration curves.  The signals of standard 

solution of  Mn and Hg are shown in Fig. 2. 
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Figure 2. The signals of standard solution of  Mn and Hg 

 
RESULT AND DISCUSSION  

 

In order to perform rapid and preliminary screening of element concentrations found in vascular plants 

samples in the different sites, a descriptive statistical analysis was carried out on the data sets as 

reported in charts below. The trace metal contents were expressed as arithmetic means and standard 

deviation. The analytical data were subject to statistical analysis. Statistical analysis of the data was 

carried out using EXCEL and MINITAB-15 Package Programs. In table 2 we note the tendency for 

distribution of the elements listed in an ascending order of accumulation factor. For each elements the 

list is: Hg<Pb<Cu<Zn<Mn. Here we can distinguish more clearly the changes in concentration of 

different elements in various monitoring points. Also we note that the area is mainly polluted by Pb, 

Mn, who not only represent a high accumulation factors, but also their interval of change for each 

element is relatively high. 

 
Table 2: Results of statistical data processing (EXCEL, Descriptive Statistic) (mg/kg, DW) 

 

Parameters  Hg Pb  Zn  Mn  Cu  

mean 0.29 1.75 39.22 68.56 8.95 

median 0.23 1.42 39.61 46.08 9.30 

Range of 

concentration 

0.07-0.73 0.30 11.37 14.71 2.33 

maximum 0.73 5.79 94.12 219.61 18.60 

 

In table 3 we note that Mn has the highest values of max/min report. This fact means that the high 

level of pollution affected by anthropogenic origin pollution. For Pb and Zn elements, high values 

come also by anthropogenic origin pollution, especially from traffic emissions. 

 

Table 3: Presentation of the report Mean / Median and Max / Min 
 

Parameters Hg  Pb  Zn  Mn  Cu  

Mean/Med 0.96 1.23 1.49 6.77 0.99 

Max/Min 8.00 19.60 14.93 824.17 8.28 

 
Therefore to distinguish natural or anthropogenic origin of elements analysed in leaves samples was 

carried correlation analysis and analysis of elements in groups (Cluster Analysis) elements.  

 

Correlation analysis (p<0.05) was carried out on the data set of heavy metals to describe their behavior 

and the association. 
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In Table 4 we note a weak correlation (R
2
<0.45, p<0.05) were found between Pb-Mn, Zn-Cu and Mn-

Cu in leaves samples. This speaks to their same origin may be of fine dust particles that come from 

road traffic. As for the correlation of Mn with Mg, we can say that they comes from dust deposited on 

plants. 
 

Table 4: Correlation between elements Cu, Pb, Mn, Zn, Hg 
 

        Cu      Pb      Zn      Mn  

Pb   0.292  

     0.058  

Zn   0.302   0.191  

     0.049   0.220  

Mn   0.364   0.427    0.150  

     0.017   0.004   0.338  

Hg  - 0.011  - 0.003   0.022  - 0.068  

     0.943   0.987   0.890   0.663  

Cell Contents: Pearson correlation  

               P- Value  

 
Multivariate analysis (Cluster Analysis, CA) were to detect the groups of samples with similar patterns 

of element concentrations and the number of the groups and most important factors were discussed 

(table 5).     

 
Table 5:  Cluster Analysis of Observations: Cu, Pb, Zn, Mn 
 

Euclidean Dist ance, Complete Linkage  

Amalgamation Step  

Final Partition  

Number of clusters: 6  

                                     Average   Maximum  

                             Within  distance  distance  

             Number of  cluster sum      from      from  

          observations   of squares  centroid  centroid  

Cluster1             6      2187.78   18.1760   25.2145  

Cluster2             3       294.10    9.8487   11.1338  

Cluster3            22      6685.73   16.3452   33.5839  

Cluster4             3       675.69   13.4 682   19.6086  

Cluster5             7      3285.40   20.2338   34.4749  

Cluster6             2       259.32   11.3869   11.3869  
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Figure 3. The dendrogram of the distribution of the stations 

classified on their esimilarity 
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Cluster 1: In this group we have these stations 1, 22, 30, 21, 18, 39, where prevails Ligustrum plant, 

fam: Lucidum Ligusta which has very good accumulation abilities for heavy metals 

Cluster 2: In this group we have the stations 2, 25, 36 where prevails Ligustrum plant, fam: Lucidum 

Ligusta which has very good accumulation abilities for heavy metals 

Cluster 3: In this group we have these stations 3, 23, 38, 37, 6, 7, 10, 11, 8, 26, 27, 12, 13, 34, 28, 14, 

20, 16, 41, 19, 43, 42. These are located in the major crossroads where traffic is dense. 

Cluster 4: In this group we have these stations 4, 15, 17. These are located near the beach. This fact 

has a high impact in values. 

Cluster 5: In this group we have these stations 5, 31, 9, 29, 33, 24, 40. In the values of these stations 

affect has the location near the sea, also the type of plant. 

Cluster 6: In this group we have these stations 32, 35 where prevails Ligustrum Sinensis plant. In the 

values of these stations affect has traffic emission.  

The data were also processed with factor analysis (FA) in order to identify the main source categories 

of the analyzed samples regarding site contamination and elements distribution. 
 

Factor Analysis: Cu, Pb, Zn, Mn, Hg  
Factor Analysis of the Correlation Matrix  

 

Rot ated Factor Loadings and Communalities (Varimax Rotation)  

Variable  Factor1  Factor2  Factor3  Factor4  Factor5  Communality  

Cu          0.149   - 0.126    0.004    0.966   - 0.169        1.000  

Pb          0.085   - 0.967   - 0.002    0.126   - 0.206        1.0 00 

Zn          0.985   - 0.081   - 0.012    0.141   - 0.054        1.000  

Mn          0.058   - 0.210    0.037    0.172   - 0.960        1.000  

Hg          0.012   - 0.002   - 0.999   - 0.004    0.033        1.000  

Variance   1.0036   1.0011   1.0003   0.9983   0.996 6       5.0000  

 

 
 

Figure 4. The diagrams of scree plot and loading 

plot of factor analysis 

  
Two main factors were identified effecting differences in trace metals distribution: the species of the 

plants and samples position.                                                                                  

 

Factor 1: This factor is mainly loaded by high positive value of Zn. This factor is related with car 

emission due to dense traffic. 

 

Factor 2: This factor is mainly effected by high negative loading of Pb. This factor is related with car 

emission due to dense traffic. 

 

Factor 2: This factor is mainly effected by high negative loading of Hg. This factor is also related with 

car emission due to dense traffic. Negative values of this element are related with this factor that affect 

the reduction of this element in plants. The presence of Hg in this group make us to think that the 

pollution caused by anthropogenic origin pollution, especially from traffic emissions. 
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CONCLUSION  

Symptoms caused by pollutants like heavy metals should be studied in different species, sensitive to 

that pollutant so their presence in different areas should be controlled. Durres city has a high level of 

pollution, especially in main roads or in the crossroads. We have to considerate that the concentration 

of the heavy metal we donôt take only by the absorption from the air, but also through the roots. This 

fact make us difficult to distinguish when the concentration comes from the accumulation by the 

ground or from the air. From this study we note the tendency for distribution of the elements listed in 

an ascending order of accumulation factor. For each elements the list is: Hg<Pb<Cu<Zn<Mn. Here we 

can distinguish more clearly the changes in concentration of different elements in various monitoring 

points. Also we note that area is mainly polluted by Pb, Mn, who not only represent high accumulation 

factors, but also their interval of change for each element is relatively high. For Pb and Zn elements, 

high values come also by anthropogenic origin pollution, especially from traffic emissions. Weak 

correlation (R
2
<0.45, p<0.05) were found between Pb-Mn, Zn-Cu and Mn-Cu in leaves samples. This 

speaks to their same origin may be of fine dust particles that come from road traffic. As for the 

correlation of Mn with Mg, we can say that the deals comes from dust deposited on plants. Types of 

vascular plants that were used for monitoring most commonly are: Ligustrum lucidum, Fam: Oleaceae 

and Leandro, Nevium Oleander, Fam: Apocynaceae plant. 
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ABSTRACT 

 

Large changes in microclimate in the Kostolac basin are the result of the negative impact of Kostolac power 

plants and "Drmno" coal mine. Thermal power plants Kostolac A and Kostolac B emit large amounts of SO2, 

NOx (NO2), CO, ash and slag into the atmosphere. Bearing in mind that there are models developed to analyse 

the dispersion of gaseous substances from stationary sources in accordance with the available technical 

resources, the data from the monitoring of the thermal power plant Kostolac have been analysed. Analyses were 

performed using the VSMOKE model. VSMOKE is a computer based model used to predict the concentration of 

pollution for certain types of gaseous substances resulting from the combustion process. This model has been 

modified to allow for an integrated use of a GIS tool to enable the display of spatial context of prediction 

calculations. Bearing in mind the limitations on the time interval of observation, the analysis was based on data 

for the first six months of 2012. 

 

Key words: thermal power plants Kostolac, air pollution, flue gases, microclimate, VSMOKE. 

 
  

GEOGRAPHICAL POSITION AND PHYSICA L-GEOGRAPHICAL FEATURES  

 

In the broadest sense, Kostolac mining and energy basin belongs to the area between the Great Morava 

River in the west, Golubac Mountains to the east, the Danube in the north and Mlavski basin in the 

south. Basic morphostructural elements of the terrain are Stig, Podunavlje (the Danube region) and 

Donje Pomoravlje (the Lower Morava region) as representatives of lowland terrain, and Sopotska 

greda and Bozevacka greda, low hills with elements of the terrace features. Stig plain is a relief unit 

with pronounced border, to the east in the form of Bozevacka kosa and Sopotska greda in the west. 

The southern border is the beginning of the middle course of the Mlava river, while it is connected 

with the Danube basin in the north without any visible morphological transition (Stepanovic, 2011). 

In the narrow sense, Kostolac coal basin covers an area of approximately 100 square kilometres, with 

the town Kostolac in the centre (44Á43ǋN 21Á14ǋE), and the wider area of the entire mining-energy 

basin, which is approximately 400 square kilometres, within which reserves of lignite, brown coal and 

hard coal are explored. (ņorĽevic-Miloradoviĺ, 2012). Production of Kostolac coal mines is mainly 

used for thermal power plants, and a smaller part for mass consumption. For the smooth operation of 

four blocks of the thermal power plants in Kostolac, with the total power of almost 1,000 MW, if we 

include 500 000 t of coal pieces for mass consumption, the production of 9.5 million tons is required. 

The Government of Serbia has made the decision to build a S1 block and in this regard has already 

signed an agreement with the Chinese company "CMEC" to build a new block of 350 MW, which will 

cause an increase in annual coal production to 12 million tons. Production in 2012 amounted to about 

9.700.000 tons. (Company "Thermal Power Plants and Mines Kostolac", Business Report, 2013). 
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Mining and energy basin Kostolac, in addition to coal mines, consists of two thermal power plants, 

Kostolac A and Kostolac B, which produce about 12% of the total electricity production in the system 

of the Electric Power Industry of Serbia. Thermal power plant Kostolac A, is located in the town 

Kostolac, and is composed of two blocks; A1 and A2, with a total installed capacity of 281 MW 

(100+281). The  thermal power plant Kostolac B, known as Drmno is located on the right bank of the 

river Mlava, near the village of Drmno and about 5 kilometres from the right bank of the Danube. To 

the east of the thermal power plant, at a distance of approximately one kilometre, is an open pit with 

the same name, which supplies the power plant with coal. Like Kostolac A, the thermal power plant 

Kostolac B consists of blocks B1 and B2 with the installed capacity of 2h348,5 MW. Annual energy 

production of all four blocks of Kostolac power plants is near 6 billion KWh. (Company "Thermal 

Power Plants and Mines Kostolac", Business Report, 2013) 

 

Table 1: Production of electricity in Kostolac thermal power plants in 2012 
 

A1 A2 B1 B2 Total gross 

 MWh 

 

759.999 1 537.146 2 561.225 790.296 5 648 666 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Orthophoto geotopographic representation of the position of the thermal power plants 

 Kostolac A and Kostolac B 

 

CONDITION OF THE ENVIRONMENT  

 

Condition of the atmosphere and the quality of the environment in Kostolac basin are largely a 

consequence of the industrial facilities of the company Thermal Power Plants and Mines Kostolac. 

Combustion of coal in boilers of thermal power plants, creation of dust from surface mines Drmno, 

Cirikovac and Klenovik and slag and ash landfills are major modifiers of the microclimate of the area. 

Combustion of about 9 million tons of coal and disposal of more than 2 million tons of ash per year 

creates the conditions for a change in air, surface and underground water. The biggest changes are 

caused by the emission of fumes, particulate matter and production of ash and slag. 

 

By rapid combustion of coal in thermal power plantsô boilers, at high temperatures, over a period of a 

few tens of seconds, a large amount of gases such as CO2, SO2, NO2, CO, O3, particles of soot and ash 

(particulate and suspended matter PM), with traces of minerals and metals, are released into the 
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atmosphere. These gases are known as factors of the greenhouse effect and contribute to the 

destruction of the ozone layer. When it comes to the quality of the environment, special attention is 

given to the group of gases known as sulfur oxides (SOx) and nitrogen oxides (NOx). Their influence 

on the microclimate changes manifests in increasing concentrations of ground-level ozone in the 

atmosphere, creation of acid rain, changes in the chemical composition of soil and water ecosystems, 

deforestation and the creation of smog. It is known that the combustion of coal at temperatures higher 

than 15000 
0
C leads to rapid oxidation of sulfur and nitrogen compounds to sulfur dioxide (SO2) and 

nitrogen suboxide oxidize immediately after leaving the chimney to sulfur dioxide (SO2) and nitrogen 

dioxide (NO2). In the atmosphere, sulfur dioxide combines with other gases such as ozone (O3) or 

water and transfers to a sulfuric or sulfurous acid, and nitrogen dioxide to nitrous or nitric acid. At the 

ground layers, further chemical processes lead to the formation of ozone and smog (Djordjevic-

Miloradoviĺ, 2012). Today, there are different opinions about the further movement of nitrate oxides 

in the atmosphere. Due to a large impact of these elements on the condition and quality of the 

environment, restrictions on the concentration of sulfur dioxide are reduced to 150 ɛg/m
3
, nitrate oxide 

85 ɛg/m
3
 and particulate matter 50 ɛg/m

3
 at the ground layer of air. The total annual damage caused 

by air pollution and greenhouse effect in our country is estimated between 0.45 and 1.37 billion Euro, 

or between 1.8% and 5.5% of GNP. 

 

The thermal power plants Kostolac, with the emission of pollutants, primarily flue gas and ash, are the 

dominant source of atmospheric pollution. Flue gas is a combustion product of fuel, in this case coal, 

and is a mixture of gases (sulfur dioxide, nitrogen oxide, carbon monoxide, fluoride, and chloride), the 

concentration of which depends on the characteristics of the fuel. In addition to gases, flue gas also 

contains solid particles that are a product of an incomplete combustion of fuel, such as soot, and the 

influence of mineral components in a fuel (ash). The most abundant element in flue gas is sulfur 

dioxide making up about 97%.  

 

We analysed the data of pollutant emissions for the year 2010. 

 

Table 2: Emission of pollutants in thermal power plants Kostolac in 2010 (Company ĂThermal Power 

Plants and Mines Kostolac", ecological program of monitoring, 2013) 
 

 
 

It can be seen from Table 2 that the emission of SO2 in flue gases of power plants Kostolac A and 

Kostolac B exceed significantly the maximum allowed values defined in the national and EU 

regulations. Measured values vary from 5758-6582 mg/Nm
3
. 

 

The thermal power plant Kostolac A emitted tenfold higher amount of particulate matter than the 

allowed amount. In recent years, the operation of electrostatic precipitators of the thermal power plant 

Kostolac A has been improved. After the reconstruction of the B2 boiler in the thermal power plant 

Kostolac B, the concentration of particles emitted by the power plant is about 200 mg/m
3
, but there are 

occasional overdrafts that up to 700 mg/m
3
. Regardless of the high efficiency electrostatic 

precipitators they cannot absorb particles smaller than 10 microns, which are very dangerous for plant 

and animal organisms. It is necessary to reconstruct the existing electrostatic precipitator installations 
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with the aim to achieve more effective protection and reduction of particle concentrations up to 50 

mg/m
3
, which is required by the EU Directive (Jovovich, 2010). 

 

Radioactivity of the ash is also a potential risk caused by ash from thermal power plants. Coal is 

mainly composed of organic matter, while some elements present in traces are radioactive. Among 

these elements are uranium (U) and thorium (Th), including their decay products of radium (Ra) and 

radon (Rn). During coal combustion, most of U and Th and their decay products leave their structure 

and are distributed between the gas phase and solid combustion products. Almost the total amount of 

radon in coal is transformed into gas when burned and released through the emission. On the opposite 

side, less gaseous elements such as thorium and uranium and most of the products of their 

disintegration are retained in the solid waste, i.e. ash and slag. (Kisiĺ, 2012). Measurements conducted 

by the Laboratory for Radiation Protection and Environmental Protection, the Vinca Institute (2006), 

showed no increased radioactivity due to the operation of the thermal power plants Kostolac. 

 

MODELLING AS A METHOD FOR CALCULATION OF CONCENTRATION OF AIR 

POLLUTION  

 

Mathematical modelling is one of the scientifically accepted methods for calculating the spread of 

gaseous substances from stationary sources. By applying the mathematical model based on the data on 

the stationary source, topographic, climatic and urban features of the studied area, through a variety of 

scenarios, the dispersion of gaseous matter can be observed (Brode, 1988). Based on the modelling 

categories applied, the modelling which does not specify the impact can be used, by applying a limited 

number of parameters with different values  in order to estimate the effects. These modelling 

categories are applied regardless of the actual conditions and events in the analysis of events that have 

already occurred or hypothetical situations. The second category of modelling is the modelling of 

actual or accidental events in order to monitor the spread of gaseous substances in real time, based on 

which a valid decision can be made. The third category consists of models that analyse the effect over 

a given period of time to determine the assessment activities in the period covered, such as period 

occurring during the year. The number of parameters and the model used for the evaluation of effects 

of dispersion of gaseous substances can vary depending on the category of modelling that is used 

(Example Air Quality Analysis Checklist, 2013). 

 

The paper analyses the impact of various scenarios of emissions of harmful substances from 

the blocks B1 and B2 of the thermal power plant Kostolac B on the air quality in the area. 

Ground-level concentrations of pollutants at different distances were calculated. The Gaussian 

statistical model for estimating ground dispersion of gaseous substances was applied to 

certain values of emissions of gaseous substances and parameters related to the outdoor 

environment. The basis of this model is the assumption that the impurities emitted by a 

continuous point source form a smoke column in which symmetrical distribution of particle 

concentration in relation to the axis of the smoke column is observed. The main equation of 

the statistical Gaussian model is composed of two probability functions of the normal 

distribution law and has the following form (Lazaridis, 2011): 
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where Q is the mass flow; C-impurity concentration at a given point of space; ( )y x , ( )z x  

diffusion dispersions in the direction of the corresponding axis, which depend on the weather 

conditions and the distance that particles travel from the source to the point with the coordinate x, 

where it is assumed that the direction of the axis 0X coincides with the direction of the wind vector; u
ī mean wind speed at the level of measurement; H-effective height of the source. 
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Figure 2. Graphical representation of the dispersion of smoke column from the source (Jaĺimovski, 

2013) 
 

In the equation (1), 
y
, z are the horizontal and vertical dispersion of the distribution of impurities. 

For the determination of these dispersions the following relations are used (Vnukov, 1992): 
b

z

a

y BxAx ;
                                                                (2) 

where , , ,A a B b 
are the coefficients that depend on atmospheric stability and terrain surface and are 

determined experimentally. Atmospheric stability is determined through the Pasquill-Gifford's 

stability classification system, which distinguishes six classes of stability, ranging from A (very 

unstable) to F (very stable). 
   

Table 3: Parameters for calculation of dispersion (Lazaridis, 2011) 
 

  A a B b 

very unstable A 0,527 0,865 0,28 0,90 

unstable B 0,371 0,866 0,23 0,85 

slightly unstable C 0,209 0,897 0,22 0,80 

  A a B b 

neutral D        0,128    0,905 0,20 0,76 
stable E        0,098    0,902 0,15 0,73 
very stable F       0,065    0.902 0 12 0,67 

 

In order to enable geospatial representation of the spread of gaseous substances from the thermal 

power plant Kostolac B, a model for the process of preparing spatial data covering the analysed area 

up to 50 kilometres has been defined, although the calculation includes somewhat larger distance and 

the area up to 10 kilometres (Figure 2). Presented results refer to a specified radius, where the distance 

is 0 meters, the source of emission, i.e. chimney, while the 50 km i the maximum distance from the 

pollution source. For modelling, in order to calculate the ground concentrations of air pollution, we 

used data from the Table 4. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Model of spread of the concentration of pollutants, depending on the distance from the 

source of pollution 
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Bearing in mind the capabilities of the applied model for the analysis of spatial data, geotopographic 

elements are taken from the raster topographic and topographic map, orthophotos, digital topographic 

maps, categorized soil maps and vector content of the labelled locations of emission sources of the 

thermal power plant Kostolac B. By using the existing models for the analysis of the dispersion of 

gaseous substances from stationary sources, which are automated to a certain level, and available 

technical data, an analysis of available solutions, in accordance with the possibilities of the VSMOKE  

model (Brode, 1992) compared to the integrated use in the ArcGIS  tool, which was used for 

modelling and the spatial representation of the results of analysis of monitoring data of the thermal 

power plant Kostolac B. It should be noted that there were limitations on the time interval that was 

analysed, because the data were available for the first 6 months of 2012. 

 

Table 4: Value of emissions at the measuring station Kostolac for 2012 

 

VSMOKE is a computer model for calculation of the spatial concentration of pollution of certain types 

of gaseous substances resulting from the combustion process. The model was made in 1990 by Lavdas 

(Forest Service, Southern Research Station) and then was modified to allow for the integrated use with 

the GIS tools in order to display the spatial coverage of the contamination calculation obtained by 

applying the VSMOKE model (Lavdas, 1996). 

 

The analysis included a digital terrain model, whose impact on the coverage of pollution can have a 

major effect and be the subject to further analysis. When using VSMOKE (Ambient Impact Analysis 

Guideline, 2009) model, it has to be borne in mind that it is intended for the plains and hilly areas, 

which completely corresponds to Kostolac basin. The plants are in the valley of the river Mlava, 

known as the Stig, which is in the east bordering with the valley of the river Pek and, and in the west 

by 20 kilometres wide valley of the Great Morava river. The northern border is the Danube, which 

further north leans on the Pannonian plain. This means that within the distance of 20 kilometres, there 

are no significant elevations that would stop or slow down pollutant emissions from sources. It should 

be emphasized that elevations in the terrain may lead to increased concentrations of harmful 

substances, especially in terms of stable atmospheres. Bearing in mind that the zone of the study area 

and the elements that are observed obtained data which are primarily determined by the lowland 

terrain, which means that in this case there is no significant influence of the terrain. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. The digital terrain model that is influenced by Kostolac 

Date 

Sulfur 

dioxide 

SO2 

Nitroge

n 
dioxide  

NO2 

Nitrogen

monoxide 

NO 

Total 

nitrogen      

NOX 

Carbon 

monoxide 

CO 

Wind 
speed 

Wind 
direction 

Air 

temper

ature 

Relative air 
humidity 

Atmosph

. 

pressure 

  ɛg/m3 ɛg/m3 ɛg/m3 ɛg/m3 ɛg/m3 m/sec degree 0C % hPa 

January 52,67 10,13 4,06 11,20 0,14 2,27 215,91 1,92 81,34 1009,58 

February 65,10 13,07 2,76 11,85 0,71 2,05 203,13 -3,15 79,42 1012,40 

March 28,15 17,71 5,83 18,25 0,52 1,60 203,18 8,36 56,52 1014,36 

April  16,60 11,53 2,36 10,37 0,27 2,01 196,68 14,32 64,97 997,67 

May 17,07 11,31 2,29 10,12 0,37 1,69 204,03 17,34 72,99 1003,46 

June 19,80 8,45 1,34 7,19 0,34 1,80 186,44 23,96 59,86 1003,46 
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Based on average annual values of the parameters analysed and the parameters which determine the 

stationary source emissions of gaseous substances at the thermal power plant Kostolac B, there was a 

direct application of the Gaussian model, and the results are shown in the graphs. The analysis of the 

dispersion model of gaseous substances was carried out for the precise location of the thermal power 

plant Kostolac B. Measurements were made in March 2012 for a period of 1500 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Index of dispersion and emissions of suspended particulate matter PM-2.5 

 

VSMOKE model provides three types of results. It determines the stability of the atmosphere and its 

ability to disperse pollutants, the concentration of PM-2.5 and CO, the distance from the source and 

calculates visibility (Long 2011). The dispersion index is an estimated ability of the atmosphere to 

dispel or absorb pollutants to acceptable low average concentration. According to the calculation, an 

acceptable concentration index should be higher than 30 at maximum operation of the power plant. 

The estimated dispersion index was in this case 34 on the basis of which it is estimated that the 

atmosphere has an average good dispersion capacity of pollutants. By combining the dispersion index 

and the value for relative humidity, the probability whether pollution affects the reduction of visibility 

and thereby creates fog can be estimated. The risk index for reduced visibility ranges from 1 to 10, and 

should be less than 4.  One is considered an occurrence, when in 1.000 cases polluters in one case 

contribute to the occurrence of fog. In this analysis, the risk of reduced visibility was equal to one and 

is marked on the line (Turpin, 2001). 

 

The measurements presented in the graph show that the emissions of PM-2.5 is extremely high> 526 

Õg/m
3
 (Exposure LV for 24 hours 150 Õg/m

3
, the annual average 50 Õg/m

3
), it extends up to 3 km 

from the source of pollution and is a dangerous path to human health. A very dangerous air pollution 

with particulate matter concentration of 351-526 Õg/m3 stretches up to 5 km from the source. 

Unhealthy atmosphere with the concentration of suspended particles 138-351 Õg/m
3
 extends to 9.6 km 

from the chimney of the thermal power plant. The air that adversely affects people with sensitive 

respiratory system has a concentration of suspended particles of 88-138 Õg/m
3
 and is felt up to 12.5 

km. Variable contamination affected by winds and stability of the atmosphere, the concentration of 

suspended particles of 38-88 Õg/m
3
, and extends according to the model to 25 km. At the distance of 

25 km from the source of pollution the air quality is good. 

 

The graph shows the height zoning of pollutants and the influence of the atmosphere on their 

disposition. Emissions of pollutants are mixed with the atmosphere up to 5000 feet (1524m). 

VSMOKE model provides data on the percentage of disposition of gases and particles in high altitude 

areas. In this case 25% of the level of pollution is situated on the topographic surface, and 75% is 
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covered by the turbulent motion of the atmosphere in the higher layers. Obtained values are related to 

atmospheric stability class D (neutral) and E (slightly stable). 

 

VSMOKE model program, based on the parameters emitted by a stationary source, made a table with 

concentrations of suspended particulate matter PM-2.5 and CO of the sources and their impact on the 

health of the population. 
 

Table 5: Particulate emissions PM-2.5 and CO from the chimney of Kostolac B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

High concentration of fine particles PM-2.5 and carbon monoxide may have a negative impact on 

human health. Agency for Environmental Protection has developed a colour monitoring system called 

the Air Quality Index in order to help the population to understand the degree of concentration of air 

pollution that can affect their health. The most dangerous pollution with suspended particles PM-2.5 

extends up to 2.5 km from the source, and the concentration of CO up to 250 meters. Highly polluted 

atmosphere with a touch of suspended particles PM-2.5 of 490.97526 Õg/m
3
 extends up to 4 km 3154, 

and the concentration of CO with the same impact on the health of the population up to one kilometre. 

Atmosphere polluted with suspended particles was recorded almost up to 8 kilometres away from the 

source, the CO emission up to 1600 meters. All pollutions marked with brown, purple and red have 

impact on the health of all residents. Pollution represented in orange is a problem for certain 

populations, such as children, the elderly and those with chronic heart and lung diseases. Other people 

are not likely to be threatened by the level of pollution. A concentration of up to 109, 39 Õg/m
3
 is felt 

up to 10 km from the source, and the concentration of CO in this class of pollution is up to 2500 

meters. Variable pollution caused by the state of the atmosphere and winds, suspended particles PM-

2.5, extends 20 kilometres from the chimney of the thermal power plant, CO up to 12.6 kilometres. 

Good air quality, the allowed amount of suspended particles, is in the area located more than 25 

kilometres from the source of pollution and the acceptable CO emission is 16 kilometres from the 

source. 

 

By applying the VSMOKE model, integrated with the GIS tool, the direction and spread of 

concentrations of gaseous substances is obtained, with respect to the geotopographic content, which 

was used for the analysis, and the coverage of the area. With the model, it is also possible to analyse 

the spread of gaseous substances, night and day, bearing in mind that during the night the humidity 

level increases. 
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Figure 6. Concentration of the spread of gaseous substances of the thermal power plant Kostolac B in 

relation to geotopographic content for the first six months of 2012 (Table 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Degree of pollution and the impact of pollution on human health 

 

By applying the VSMOKE model, integrated with the GIS tool, the direction and spread of 

concentrations of gaseous substances is obtained, with respect to the geotopographic content, which 

was used for the analysis, and the coverage of the area. VSMOKE model can provide with a 

combination of particle dispersion index and the values of relative humidity an assessment of the risks 

of reduced visibility due to the spread of pollutants. Gases and particles in the atmosphere have a 

significant influence on the degree and the distance of visibility. Fine particles have the ability to 

refract and absorb sunlight which may have an impact on reducing visibility. Estimated visibility 

obtained by calculations of the VSMOKE model is valid in conditions where the atmospheric 

humidity is less than 70%. 
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Table 6: Estimated visibility depending on the distance from the source 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With the model it is also possible to analyse the spread of gaseous substances, night and day, bearing 

in mind that during the night the humidity level increases. 

 

Further analysis can focus on impact assessment in relation to the types and categories of land and 

populated areas. 

 

CONCLUSION 

 

In the paper, by using the mathematical model, we have established the condition of air pollution, 

simulating the spread of harmful substances for different assumed emission intensities in the known 

topographic, urban and meteorological situation. The method provides a realistic picture regarding the 

dispersion of pollutants, which can serve as a basis for assessing potential hazards and technical 

resolving of protection systems. 

 

The analysis of available solutions is performed in accordance with the possibilities of VSMOKE  

model compared to the integrated use in ArcGIS  tool that is used to model the spatial representation 

of the results of analysis of monitoring data of the thermal power plant Kostolac B. These results are 

consistent with earlier results obtained using the United States Agency for Environmental Protection 

SCREEN VIEW 3.5.0 application (Jaĺimovski, 2014, Screen 3, 2002). 

 

Application of laws dealing with environmental protection implies harmonization of our legislation 

with the EU regulations. One of the priority tasks is to adopt policies and procedures for the protection 

of air quality by reducing emissions of hazardous substances at the source of pollution. If we take into 

account the threshold limit values for emission of SO2 in the flue gas, Kostolac power plants with 

respect to the installed power, have to reduce the output concentration of SO2 for more than 94%, in 

order to reach the value lower than 400 mg/Nm
3
, at full capacity of blocks and during the combustion 

of worst quality coal. The greatest impact on air pollution, taking into account the spread of sulfur 

dioxide emissions, is around the thermal power plant Kostolac, at a distance of 15 km from the source 

in the direction of the dominant wind. Apart from Pozarevac, nearby places such as Kostolac, 

Cirikovac, Bradarac, Klenovik and Petka also have increased levels of pollution (Environmental 

impact assessment ï Desulfurization of flue gas at the thermal power plant Kostolac B, 2010).  

 

For now, emission of nitrogen oxides does not exceed the allowed value. However, it should be noted 

that the European Union is already preparing the adoption of stricter regulations for which the 

maximum allowed emission of NOx will be decreased to a value of 200 mg/m
3
 from the currently 

permitted 400 mg/m
3
 starting from 1 January 2016. With the current emission of nitrogen oxides, the 
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thermal power plants Kostolac exceeds the new limits and therefore has to seek solutions to reduce the 

emission as the current projects for flue gas desulfurization do not predict the reduction of nitrogen 

oxides.  

 

Electric Power Industry of Serbia is obligated to find a solution to reduce sulfur dioxide emissions on 

existing blocks by the year 2015. A feasibility study "Directions for optimal reduction of sulfur oxides 

from thermal power plants of the Electric Power Industry of Serbia" was conducted, and the first 

power plant which will have a desulfurization system installed is the thermal power plant Kostolac B. 

As protection measures, the existing chimneys of Kostolac thermal power plants had the electrostatic 

precipitators for purification of flue gas from particles installed, but no measures were taken to reduce 

emission of sulfur oxides, and from the accompanying table, we see that they are several times higher 

than the allowed values. Some of the features of Kostolac lignite extracted in the open mine "Drmno" 

are small thermal power, relatively high humidity and ash content and total sulfur content of about 

1.3%. (The choice of the optimal technical solution for the plant desulfurization of flue gas at the 

Kostolac B, 2010). The use of such fuels is the cause of high concentrations of SO2 in the flue gas, 

which ranges between 5000-7000 mg/m
3 

in the thermal power plant Kostolac B, and the specific 

emission of sulfur is about 30 kg/MNJh, which was one of the most important criteria for the choice of 

Kostolac B as the first thermal power plant in the Electric Power Industry of Serbia to have the 

desulfurization system installed. The project of the system of desulfurization was done by the 

consortium: Faculty of Mechanical Engineering and Faculty of Mining and Geology, University of 

Belgrade, Worley Parsons Company from the United States and Energoprojekt-Entel from Belgrade. 

The system for desulfurization consists of a plant for purification of flue gas using wet scrubbing, the 

so-called Ăgas scrubbingñ with limestone suspension, which is performed in the part of the plant which 

is referred to as an absorber.  

 

Gas scrubbing is carried out in a way that the current of flue gas is introduced in the absorber in which 

limestone suspension is also introduced in the form of rain or droplets. In the process, sulfur dioxide 

binds to calcium from the limestone and results in gypsum in the form of a suspension. Gypsum is 

then transported to the landfill and prepared for later use, and the purified gases are released into the 

atmosphere. Gypsum suspension, which is a product of desulfurization by using the wet limestone 

processes, is a potential raw material for gypsum. If a good quality of gypsum is required, it is 

necessary to incorporate a high quality electrostatic precipitator in order to reduce the amount of 

particulate matter in the flue gas. The plant is large and consists of several parts such as absorber, 

heater of flue gas, the system for preparing limestone suspensions, limestone preparation, pumping 

stations, a system for waste water treatment system for drying plaster, gypsum storage system 

(Stojiljkovic, 2009 ). The planned production increase by 30% will surely affect the increase in 

pollution correspondingly. 

 

In addition to modern technological solutions, we should not ignore the possibility that plants 

contribute to green technology with absorption, which includes growing of forest plantations in the 

vicinity of pollutants and shelterbelts next to towns. 
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ABSTRACT  

 

Unlike the fossil fuels, in process of biomass combustion emissions of NOx and SOx gasses are almost 

negligible. Comparing with standard coils, mostly used in Serbia, emission of CO2 for most of the biomass 

samples is less, due too higher heating value of biomass.  If it is taking into account fact that yearly production 

of biomass in Serbia is estimated on 12.5 million tons, it can be concluded that wider use of biomass can affect 

on air pollution. Among the common biomass, tobacco stalks are particularly interesting. According to the 

official classification tobacco stalks belongs to the green agricultural waste. Yearly production of tobacco stalks 

is about 70 000 tons, which can totally cover all energy needs in processes of drying. Compared with other 

biomass, content of nitrogen in tobacco stalk is higher, which is result of fertilization in the cultivation. In order 

to decrease NOx gasses, tobacco stalks are mixed with corn cob in this study. Ultimate analysis is 

experimentally determined, and based of these data briquette samples are determined. Analysis of NOx gasses is 

theoretically performed. Results of analysis shows that air pollution can be significantly decreased with 

combustion of tobacco stalks and various combinations with other biomass. 

 

Key words: Tobacco stalks, combustion, briquette, NOx  and SOx emission. 

 

 

INTRODUCTION  

 

Excessive use of fossil fuels in last decades leads to its irreversibly spending. Main consequence of 

this is greenhouse gases emissions which strongly affects on climate change and non sustainable 

development. Use of low heating coal such is lignite in most of combustion processes like is electricity 

production and central heating results with high level of CO2, NOx and SOx gasses emission. From 

the other side, problems that may arise in the supply of fossil fuels, as is the case currently in the 

Republic of Serbia caused by floods, impose the need for finding alternative sources of energy. 

 

A low developed economies, which is situation present in Western Balkan countries, are mainly 

oriented on agriculture. Any agricultural activity strongly needs fuel, and in the same time agriculture 

produces great amount of waste which can be successfully implemented in energy consumption. In 

present situation in Republic of Serbia, according to the official statistic, yearly production of 

agriculture waste is about of 12.5 million tons. Assuming that only 25 % of this amount could be taken 

as energy source it would be possible to replace 1.4 million tons of oil, and this biomass could cover 

all energy need in agriculture sector (Jovanovic and Parovic, 2009).  

 

Using of biomass in combustion process instead of low heating coal or oil, for any purpose would 

have strong environmental impact (Lazariou, 2012). It is known that in biomass combustion processes 

emission of SOx and NOx gasses is almost equal to zero, and this is one of the main advantages of 

using biomass. From the other side, moisture contents in biomass for combustion for briquette or 

pellet production need to be less than 15%, which leads to higher heating values comparing with 

standard using coil. In more complex analysis it could be easily shown that emission of CO2 is also 

lower with biomass combustion.  
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Among the standard biomass such is wheat, corn, barley or oat, tobacco is of the main agricultural 

product in Republic of Serbia. Yearly production of all species of tobacco stalks (Virginia and Burley 

mainly) in Republic of Serbia is about 70 000 tons. More interesting for energy purposes is fact that 

tobacco stalks have no economic value since they are not taken in any serious energy consideration 

yet. According to the Waste Catalogue issued by the Ministry of Environment and Spatial Planning 

and the Agency for Environmental Protection of the Republic of Serbia (Waste catalogue, 2010), 

tobacco is placed in the waste that is non-toxic. Nicotine level, which is appeared as main obstacle for 

tobacco stalk wider usage, is very low (Peseski et al.,2010) and this leads to conclusion that 

implementation of tobacco stalks briquettes and pellets is ecologically accepted. Tobacco stalks could 

also be used in various production, such are pulp of paper, bioethanol, biogas or inorganic fertilizer 

(Radojicic et al., 2009, Radojicic et al.,2014, Sun et al.,2002, Chaturvedi, 2008). 

 

Unlike the other common types of biomass, tobacco stalk have greater amount of nitrogen and sulfur, 

which affect with increased SOx and NOx gasses in combustion. These increased values are result of 

fertilization from one side, and consequence of acid rains from the other side. Comparing with other 

biomass types, wheat straw also have greater amount of nitrogen, but corn cob have nitrogen level on 

minimum. These facts impose conclusion that mixing tobacco stalks with corn cob for example can 

lead to generate very effective renewable fuel which can have satisfactory heating level and in the 

same time low generation of toxic gasses.  

 

The aim of this research is to show generally decreasing of NOx and SOx gasses emission in biomass 

combustion processes. Further more, implementation of tobacco stalks as renewable energy source 

could be more effective in combustion instead of standard coils which are usually used. Low heating 

value of mostly used biomass is greater that coal heating value, and imposes logical conclusion that in 

the same time and CO2 emission would be less. 

 

THEORY  

 

Calculation of solid fuels combustion products volumes can be made based on knowledge of the 

ultimate analysis of the fuel, using the stoihiometric combustion equation. Fuel composition can write 

in the form (Zivkovic and Djordjevic, 2001): 

 

                                                  (1) 

 

 

Symbols C, S, O, N, W and A
p
 represents the percentage content of carbon (C), hydrogen (H), sulfur 

(S), oxygen (O), nitrogen (N), humidity (W) and mineral impurities (A) in the fuel. 

 

Volumes of combustion gasses in Nm
3
/kg can be calculated as follows: 

 

                                                                                 (2) 

 

                                                                                   (3) 

 

 

                                                           (4) 

 

 

For NO2 and O2 volumes it is necessary to calculate minimal amount of oxygen (Omin) for 

combustion, and accordion to this amount minimal amount of needed air for combustion (Lmin).  

 

                                              (5) 

 



IV International Conference ĂECOLOGY OF URBAN AREAS 2014ñ, 9-10th October 2014, Zrenjanin, Serbia 

 

 57 

                                                                                 (6) 

 

where ɚ is coefficient of excess air. 

 

                                                       (7) 

 

 

                                                              (8) 

 

where  ɚ is coefficient of excess air. 

 

For better analysis of combustion gasses amount in real condition it is better to compare amount of 

gasses in order to achieve same heating energy for biomass samples. For this reason, low heating 

energy value (LHV) have to be calculates for every biomass sample. This value can be calculated from 

(Demirbas, 1997, Moka, 2012): 

 

                                          (9) 

 

METHOD  

 

Burley tobacco stalks, variety P-5 from Ļoka production area, and Virginia tobacco stalks, variety H-9 

from Ġabac production area and corn cob hybrid F38 from Stara Pazova production area, are used for 

this examination. For theoretical prediction of combustion gasses species ultimate analysis is 

necessary. Biomass samples taken in this investigation are wheat straw, corn cob, barley, Burley and 

Virginia tobacco stalks. Burley tobacco is particularly interesting due to fact that leaves and stalks are 

dried in the same time without any energy consumption (natural during technique).  All samples were 

taken with 10% initial moisture. After the sample collection, preparation of the samples for the 

analysis of chemical composition was performed in the standard manner. After grinding, the stalks are 

milled and sieved to a series of vibrating sieves. The fractions of particle size of 0.5 - 1.0 mm were 

taken for the analysis of the chemical composition. In the context of the analysis of the chemical 

composition the following were done: determination of the moisture content of the samples 

(NREL/TP-510-42621, 2008), extractive substances soluble in a mixture of organic solvents 

(NREL/TP-510-42619, 2008, NREL/TP-510-42618, 2008) and the determination of the ash content 

(NREL/TP-510-42622, 2005). Based on the moisture content, the results of the analysis of the 

chemical composition of all samples are expressed relative to the dry weight of the samples. Within 

the elementary analysis, the determination of carbon, hydrogen and oxygen was carried out. Unlike 

fossil fuels, biomass is characterized by a low content of sulfur and nitrogen in trace amounts. 

Therefore, we considered that for the calculation of the combustion gasses emission based on the 

elemental composition it is the most important to take into account the content of C, H and O. These 

elements are detected with elemental analyzers. Approximately 200 mg of a sample is burned in an 

oxygen atmosphere at 900
0
C, and C is converted into CO2, and H in H2O. The components are 

quantitatively determined by using IR (infrared) detector (Solar Energy Research Institute, 1991). 

 

After the ultimate analysis determination, composition of combustion gasses in theoretically 

determined. For better results interpretation, and understanding of environmental impact of biomass 

combustion, combustion gasses amount is compared in term of equal fuel weight.  

 

FINDINGS AND DISCUSSION 

 

For this study Virginia and Burley tobacco stalks and corn cob were selected for briquette samples. 

Corn cob is selected for mixing with tobacco stalk because of relativly low content of nitrogen and 

sulfur and close heating value with the same moisture content. Mixed briquettes are made from equal 

mass of tobacco stalks and corn cob in order to find average values of gasses emission between two 
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biomass samples. Table 1 presents results of ultimate analysis and chemical composition of briquettes. 

Analyses were performed in five replicates, but for clearly reasons in Table 1 are given only average 

values.  

 

Table 1: Ultimate analysis of biomass briquettes samples 
 

Biomass 

Element content 

C H N S O A W 

[ % ] 

Virginia 39,57 6,17 0,43 0,77 38,12 4,94 10 

Burley 39,62 6,31 0,80 0,49 38,94 3,81 10 

Corn cob 41,92 5,28 0,42 0,01 40,91 1,46 10 

Mix Virginia-Corn 

cob 
40,77 5,79 0,61 0,25 39,92 2,66 10 

Mix Burley-Corn 

cob 
40,74 5,72 0,42 0,39 39,51 3,12 10 

 

Variation in content of particular element can be result of various parameters which are related to the 

land composition, land cultivation, irrigation and fertilization. Characteristic of biomass could also 

vary depending on the origin or geographical region in which it is formed (Garcia et al.,2014, Gurel 

and Senel, 2012). These variations are also acceptable within the one plant culture in different years of 

cultivation. Although the nitrogen content in biomass samples is almost negligible, due to excessive 

fertilization it can be increased, which can be seen in Burley sample in Table 1. In the same manner, 

sulfur content in virginia sample from Table 1 is result of acid rains in the area where plants had been 

grown. All these variation would affect in ammount of NOx and SOx gasses in combusion.  

 

Based on ultimate analysis, for selected briquettes are calculated volumes of combusion gasses 

according to the theory given from (1) to (8).  Emission of CO2 for selected fules is given on Figure 1. 

From Table 1 it can be seen that tobacco stalk have smaller amount of carbon, and result of this is 

decreased volume of CO2 in combusion gasses for tobacco stalks compared with corn cob. Variation 

bettewen samples is about 6%, and it can be concluded that all samples have similar volumes of CO2 

in combusion gasses.  In briquettes which are made from mixing biomass emission of CO2 was almost 

the same.  

 
 

Figure 1. CO2 emission for selected biomass briquettes 

 

Volumes of SO2 in combusion gasses for briquettes samples are given in Figure 2. As it was 

mentiones before, due to land contamiantion in area where selected Virgnia tobacco plants were 

grown, content of SO2 is the greates. Comparing with corn cob, briquettes made from Virginia tobacco 
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stalk have almost 90% greater SO2 emission. In briquettes made from biomass mixture, this emission 

can be decreased up to 40% comparing with tobacco stalks briquettes. 

 

 
 

Figure 2. SO2 emission for selected biomass briquettes 

 

Volume of NO2 in combustion gasses is given on Figure 2. For clarity reasons, on Figure 3 is only 

shown content on nitrogen from biomass. Nitrogen content from air needed for combustion is 

neglected. As it was mentioned, in case of Burley tobacco, nitrogen from fertilizer binds to plant and 

this affect with increased amount of NO2 in gasses. Comparing with corn cob, it is almost 50% greater 

NO2 emission. In case of briquettes made from biomass mixture, this can be decreased from almost 

30%. 

 
Figure 3. NO2 emission for selected biomass briquettes 

 
 

Figure 4.  SO2 emission for selected biomass briquettes for 1 kg fuel, and for the same heating value 
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Comparison between Virginia tobacco stalks, corn cob and mixture briquettes in case of SO2 

emissions are given in Figure 4. With Sample 1 is mark out emission in case of combustion of 1 kg of 

biomass, and with Sample 2 is mark out amount of biomass which is equal to heating value of Virginia 

tobacco stalks. Calculated from (9) lower heating value of Virginia tobacco stalks briquettes is 14,97 

MJ/kg, and for corn cob is 14,2 MJ/kg. Since content of sulfur in corn cob is almost negligible, it is 

obvious that volume of SO2 in case of corn cob briquettes shall be on minimum, what is mentioned 

before. In case of briquettes made from mixture, emission of SO2 could be decreased up to 50% 

comparing with pure Virginia tobacco stalks briquettes. 

 

On the same way, NO2 emissions for Virginia tobacco stalks, corn cob and mixture briquettes are 

given on Figure 5. Although in case of corn cob briquettes NO2 emission is smaller relative to Virginia 

tobacco stalks briquettes, in order to obtain same energy value in combustion, it would be necessary 

greater amount of corn cob briquettes. This would increase NO2 emission for almost 10%, and it can 

be concluded that tobacco stalks briquettes in order of same energy delivery would have better NO2 

emission. In case of mixture briquettes, emission would be almost equal. 

 

 
 

Figure 5.  NO2 emission for selected biomass briquettes for 1 kg fuel, and for the same heating value 

 

In case of Burley tobacco stalks, corn cob and mixture biomass briquettes, comparison in SO2 

emission are given on Figure 6. Considering the fact that sulfur content in corn cob is almost 90% 

smaller than Burley tobacco stalk, in case of biomass mixture briquettes this emission could be 

decreased up to 50% regardless if is compared per 1 kg of biomass or same energy delivered.  

Briquettes made from Burley tobacco stalks have 15,01 MJ/kg lower heating values which is more 

than any other biomass samples. From Figure 6 it can be seen that there is no significant difference for 

SO2 emission in case of biomass mixture briquettes in case of 1kg fuels combustion and combustion 

for the same energy delivered.  

 
 

Figure 6.  SO2 emission for selected biomass briquettes for 1 kg fuel, and for the same heating value 
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Figure 7.  NO2 emission for selected biomass briquettes for 1 kg fuel, and for the same heating value 

 

Unlike Virginia tobacco stalks briquettes, in Burley sample nitrogen level was higher, which was 

explained previous. Results of higher nitrogen value are decreased NO2 emission in combustion 

gasses. Difference between Burley and corn cob briquettes is about 50%, which is evident in case of 

combustion 1 kg fuel. For briquettes made from biomass mixture, in case of same energy delivered it 

was noted higher value of NO2 emission. According to these data, it can be concluded that mixing 

Burley tobacco stalks with other types of biomass samples could not significantly decrease level of 

NO2 emission. 

 

CONCLUSIONS 

 

Of total available renewable energy in Republic of Serbia, biomass is accounted with almost 63%. 

This amount is more than sufficient to cover all energy needs in agriculture sector, which is not 

presents situation. It can be concluded that in moment, very small amount of biomass is in use in 

agriculture. Biomass generally has available heating value and it can successfully replace fossil fuels. 

It is shown that tobacco stalks are suitable for using in energy purposes, and they are classified as non-

toxic biomass. Particularly, in case of Burley tobacco stalks there is no need for energy in biomass 

drying process. Since tobacco stalks have not any value in tobacco industry, they are more than 

suitable as renewable energy source. 

 

Based on presented results, it can be concluded that tobacco stalks have smaller content of carbon 

which affect in decreased level of CO2 emission than other biomass. These data are calculated for the 

same moisture level for all biomass samples. Generally, CO2 delivered from biomass combustion is 

organic and more acceptable because it is needed for plants growing. There is no significant difference 

in level of CO2 emission for pure substance briquettes and biomass mixture briquettes, which is shown 

in results. 

 

According to the samples used in this analysis, level of sulfur in Virginia tobacco stalks was detected 

on higher level. It was explained that level of sulfur can vary due to phenomenon of land 

contamination by acid rains, which was in case of used samples. This fact caused higher level of SO2 

volumes in combustion gasses for Virginia tobacco stalks briquettes than in other samples. Mixing 

with other types of biomass samples can significantly decrease level of SO2 in emission gasses. For 

Burley tobacco stalks briquettes lower level of SO2 emission was detected, and it can be concluded 

that emission of SO2 is significantly decreased.  

 

The highest level of nitrogen in ultimate analysis was detected in Burley tobacco stalks, which is result 

of using nitrogen fertilizers for plants growing. As it was expected, the highest volumes of NO2 in 

emission gasses were calculated for Burley tobacco stalks briquettes. In briquettes made from biomass 

mixture level of NO2 is decreased, but in case of same energy delivered biomass made from mixture 
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would have almost the same level of NO2. This can be explained with difference in lower heating 

values between Burley tobacco stalks and corn cob. For Virginia tobacco stalks, briquettes made from 

biomass mixture could decrease level of NO2 emission. 

 

According to the results presented in this paper, generally it can be concluded that using of tobacco 

stalks as renewable energy source is acceptable from the ecological point. Plants growing conditions 

can significantly affect of amount of certain elements in biomass samples. Emission of toxic gasses 

such are SOx and NOx gasses is shown in level of acceptance. Furthermore, briquettes made from 

biomass mixtures can decrease level of toxic gasses emission.  
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ABSTRACT 

 

This paper presents the results obtained during the IPA Romania-Serbia Cross Border Cooperation Programm, 

project ENVIROBANAT, MIS-ETC 1425. The data collected and analyzed during the project implementation 

were acquired from the Romanian National Air Quality Monitoring Network and National Automatic Air Quality 

Monitoring System of the Republic of Serbia. The data were collected starting with November 2013 and the 

presented analysis covers a fourth month period, from November 2013 to February 2014. 

 

Key words: air quality, Banat, cooperation. 

 

 

INTRODUCTION  

 

Air pollution knows no political boundaries and pollution management and joint effort by the 

governments to control and reduce the impact of pollutants on a regional basis, for fully integrated and 

cooperative approach of air quality issues are needed. According to the ambient air quality assessment 

and management standard in the EU expressed by Air Quality Framework Directive 96/62/EC a 

specific contribution must be enhanced, especially in border regions. Entering partnerships with 

regional Universities to help establishing commuting plans and find alternative ways to preserve the 

common history and touristy sites from pollution is the contribution of the project to UN Treaty on 

long-distance trans-boundary air pollution. Presently the European Pollutant Release and Transfer 

Register was created. Project data will complete it, contributing to transparency and public 

participation in environmental decision-making. 

 

Anthropogenic pollution is mainly caused by industry. The Banat region is heavily industrialized on 

both sides (Romania and Serbia) with major mining industry, shipyards, rubber industry, copper and 

iron industry, all with high pollution potential. This makes the industry our target group. The best way 

to reduce the cross-border pollution is to involve the industry in environmental aspects of life and to 

make them understand that a better economic situation is insufficient if not completed with a better 

environment in order to have a better life. 

 

Trans-boundary pollution is a natural phenomenon, specific to vicinity regions, generated by national 

sources, under the influence of shared climate. The specific target regions (two counties) share the 

footprint of both nations and are of joint interest concerning raising the environmental awareness. 

During the ENVIROBANAT project, air quality data were collected from air quality monitoring 

station located in several important regional cities, as Zrenjanin, Timisoara, Pancevo, Resita, Kikinda, 

a.o. Timisoara was first mentioned as a place in either 1212 or 1266. The territory later to be known as 

Banat was conquered and annexed by the Kingdom of Hungary in 1030. Timisoara grew considerably 

during the reign of Charles I, who, upon his visit here in 1307, ordered the construction of a royal 
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palace. Timisoaraôs importance also grew thanks to its strategic location, which facilitated control over 

the Banat plain. John Hunyadi established a permanent military encampment here, and moved here 

together with his family. In 1552, Ahmed Pasha conquered the city with a 16,000 Ottomans and 

transformed it into a capital city in the region. Timisoara was the first mainland European city to be lit 

by electric street lamps in 1884. It was also the second European and the first city in what is now 

Romania with horse drawn trams in 1867. Gustave Eiffel, the creator of the Eiffel Tower in Paris, built 

one of Timisoaraôs footbridges over the Bega River. According to the last Romanian census, from 

2002, there were 317,660 people living within the city of Timisoara, making it the fourth most 

populous city in Romania. However, today Timisoara is the second important industrial and economic 

node, after Bucharest. 

 

Zrenjanin is a city and municipality located in the eastern part of Serbian province of Vojvodina. It is 

the administrative center of the Central Banat District of Serbia. In 2002, the city's population was 

79,773, while the Zrenjanin municipality had 132,051 inhabitants. Zrenjanin is the largest city in the 

Serbian Banat, the third largest city in Vojvodina (after Novi Sad and Subotica) and the sixth largest 

city of Serbia. Economical, scientific and cultural cooperation between Zrenjanin and Timisoara is at 

highest level and the two cities are officially recognized as ñsister citiesò. In 2007, it was declared the 

City of the Future and, in 2008, the World Bank ranked it first among the cities/towns in Serbia with 

regard to the overall organization of its business environment. Its development has lasted for almost 

seven centuries, because, as a settlement under the name of Becskerek, it was first recorded in 

historical documents way back in 1326. Numerous branches of industry are developed and the most 

significant ones are the following: Food industry, Textile and leather industry, Metal industry, 

Chemical industry, Oil and natural gas production, Civil engineering, Traffic / Transport. 

 

RESULTS 

 

During the ENVIROBANAT project implementation the data on air quality were collected from the 

Romanian National Air Quality Monitoring Network and National Automatic Air Quality Monitoring 

System of the Republic of Serbia. The data were collected starting with November 2013 and the 

presented analysis covers a fourth month period, from November 2013 to February 2014. However, on 

the project webpage the AQM database of the Banat area are available from November 2013 to June 

2014. www.envirobanat.ro. 

 

The CO, NO, NO2, O3, SO2, PM10, Benzene, Toluene, Xylene (O-xylene, M-xylene, P-xylene), 

Etilbenzene concentrations in ambient air are measured and available at 1 hour mean concentration. 

A view of the Banat area and AQM station coverage is presented in figure 1. 
 

 
 

Figure 1. Locations of Romanian and Serbian air quality monitoring stations & view of Timisoara 

AQM stations 
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In the printscreen below, a representation of the developed ENVIROBANAT database is presented, in 

the view the TM-5 Timisoara station air pollutant criteria measurements. However, on the 

www.envirobanat.ro all the data from all the AQM stations can be downloaded at user disposal, in 

adobe acrobat extension files. 
 

 
 

Furthermore, in the graphs below the comparative results are presented for criteria pollutants. The 

graphs were compiled with available data from all air quality monitoring stations, depending on data 

availability. 
 

 
 

Figure 2. Nov.2013 ï Feb.2014 comparative results for NOx concentrations 
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Figure 3. Nov.2013 ï Feb.2014 comparative results for SO2 concentrations 

 

 
Figure 4. Nov.2013 ï Feb.2014 comparative results for PM10 concentrations 
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Figure 5. Nov.2013 ï Feb.2014 comparative results for BTX concentrations 

 

CONCLUSIONS 

 

To conclude, one can observe that during the ENVIROBANAT - Sustainable development of an 

research center in Banat region and Danube flow area through scientific research and environmental 

simulation tools to asses and evaluate potential threats ï project the joint research team (Romanian and 

Serbian scientists) manage to collect and analyze the one hour mean concentrations for criteria air 

pollutants in the Banat region. The CO, SO2, NO, NO2, (NOx) O3, SO2, PM10, Benzene, Toluene, 

Xylene (O-xylene, M-xylene, P-xylene) and  Etilbenzene concentrations in ambient air were analyzed 

and all the data made available for any interested parties by means of project webpage 

www.envirobanat.ro. Analyzing the obtained graphics one can observe that there are some issues 

regarding the Banat environment. Most important seems to be the concentrations of BTX and PM10 in 

ambient air. The BTX (benzene-toluene-xylene) high emissions release occurs frequently in the Banat 

region with large refineries and petrol based industry. Action plans for BTX emission reductions are 

enforced on both sides of Danube and one can hope that the reduction measures planed will be 

successfully implements, for a better Banat environment and increased quality of life.  

 

Several exceedances of PM10 concentrations in ambient air (above 50 ɛg/m3) were noticed on many 

of the AQM stations monitored. Part of the PM10 concentrations are caused by industrial activity and 

road traffic, however, looking at entire Balkan Peninsula (www.ec-europa.eu) one can observe that the 

PM10 issue is generalized at the entire peninsula. More studies and research should be conducted, as 

its seems to be a more complex problem and probably the PM10 (dust in general) concentrations are 

influenced by natural conditions and environment of Balkan area. 
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ABSTRACT 

 

Nowadays, the studies involving the use of renewable sources of energy are in a continuous stage of 

development in regard to different theoretical and experimental ways of approach. In the context of global crisis 

it is imperative to obtain solutions connected with new ways of capitalization of existing sources (wind, hydro, 

solar, biomass). In this context, biomass residues are of great potential connected with different used 

technologies, one of them being biogas production in during the anaerobic fermentation process. Degradation is 

an important part during the process of obtaining biogas and because of this the presented study underlines 

some of the characteristics of two different sorts of vegetal biomass, in regard to their physical and chemical 

properties and behavior during the anaerobic fermentation process. 

 

Key words: anaerobic fermentation, biomass residues, degradation process. 

 

 

INTRODUCTION  

 

The use of biomass has for millennia helped human society to fulfill many of its fundamental energy 

needs, such as for the production of goods, cooking, domestic heating and the transport of people and 

goods (Chen et. al, 2008). 

 

Biomass is rich in carbon but is not yet a fossil material. All plants and animals in the ecological 

system belong to biomass. Furthermore, nutrients, excrement, and bio waste from households and 

industry is biomass (Deublein, 2008). 

 

The International Energy Agency (IEA) has projected an increase in primary energy demand of 1.6 per 

cent per year until 2030, when the cumulative increase will be equal to half of current demand.  

 

At the same time, concentrations of greenhouse gases (GHGs) in the atmosphere are rising rapidly, 

with fossil fuel-derived CO2 emissions being the most important contributor. In order to minimize 

related global warming and climate change impacts, GHG emissions must be reduced to less than half 

of global emission levels of 1990. Another important global challenge is the security of energy supply, 

because most of the known conventional oil and gas reserves are concentrated in politically unstable 

regions. In this context, biogas from wastes, residues, and energy crops will play a vital role in future 

(Weiland, 2009). 

 

Anaerobic digestion is considered to be the process of decomposition of organic matter by a microbial 

consortium in an oxygen-free environment. It is a process found in many naturally occurring anoxic 

environments including watercourses, sediments, waterlogged soils and the mammalian gut. It can 
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also be applied to a wide range of feedstock including industrial and municipal waste waters, 

agricultural, municipal, food industry wastes, and plant residues (Ward et. al, 2008). 

The biogas is formed during the decomposition process of the organic substrate with the help of 

different types of bacteria (Eder et. al, 2007). 

 

Biogas can be produced from nearly all kind of biological feedstock types, within these from the 

primary agricultural sectors and from various organic waste streams from the overall society (Holm - 

Nielsen et. al, 2009). 

 

Biogas is produced in different environments, e.g., in landfills, sewage sludge and biowaste digesters 

during anaerobic degradation of organic material. Methane, which is the main component of biogas, is 

a valuable renewable energy source, but also a harmful greenhouse gas if emitted into the atmosphere. 

Methane, upgraded from biogas, can be used for heat and electricity production or as biofuel for 

vehicles to reduce environmental emissions and the use of fossil fuels (Rasi et. al, 2007). 

 

The biogas production process is complex and sensitive since several groups of microorganisms are 

involved. The important processes in anaerobic digestion are hydrolysis, fermentation, acetogenesis, 

and methanogenesis, where hydrolysis is subject to the fermentation process, while acetogenesis and 

methanogenesis are linked (Karellas et. al, 2010). 

 

Related with the industrial applications of this process, in Romania there are not in use today any 

biogas plants for vegetable waste (cellulose) in the absence of technology, not the raw material that is 

available in considerable quantities. 

 

EXPERIMENTAL  

 

The research was made on a small scale installation designed and created for experimental studies 

related to the behavior of different types of biomass residues during the process of anaerobic 

fermentation. 

 

In this paper there will be presented two types of materials, corn cobs and barley, with some 

determined chemical and physical properties and their behavior, during the influence of the main 

parameters of the process (temperature and pH) from the point of view of the degradation process. 

Images were carried out in order to visually determine the evolution of the degradation during time 

over a period of 40 days for each batch of material. 

 

In Figs. 1 and 2 there are presented the materials used for the batches. 

 

 

Figure 1. Corn cobs 
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Figure 2. Degraded barley 

 

Table 1 presented the chemical characteristics of the two types of biomass residues. 

 

Table 1: Chemical characteristic of the two types of biomass 

No Sample 
Water content 

[%]  

Ash content 

(db) [%] 

Net calorific value 

(db) [MJ/kg] 

1 Corn cobs 19,7 3,6 17,2 

2 Degraded barley 12,4 3,2 16,9 
 

In Fig. 3 there is presented the schematics for the small scale installation. 

 

 
 

Figure 3. Schematics of the small scale installation 
1 ï glass reactor with a total volume of 6 l; 2 ï magnet placed on the bottom of the 6l glass reactors for 

magnetic stirring; 3 ï small glass reactor for biogas washing with water, with a total volume of 500 mL; 4 ï 

thermocouple; 5 ï pH sensors; 6 ï system for pH correction and sample collecting; 7 ï pH controllers; 8 ï 

temperature controller; 9 ï gas bags for biogas samples; 10 ï pressure gauges; 11 ï heating system. 

 

In the next part, the process involved inside the installation is presented: inside the glass reactors (1) 

are inserted a semi-fluid suspension composed from fine-granulated biomass and water. Each glass 

reactor has on the bottom part a magnet (2) used for the magnetic stirring process in order to have a 

relatively homogenous material. From the glass reactors, the formed biogas will pass into the smaller 

glass reactors (3) half filled with water in order to ñwashò the impurities of the biogas. 
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Each of the glass reactors (1) has inside a pH sensor (5) which is controlled with pH controllers (7), 

and also a thermocouple (4) controlled with the help of a temperature controller (8) in order to assure 

the necessary temperature for the process. The installation is equipped with special gas bags (9) in 

order to take samples if necessary and pressure control with the help of pressure gauges (10) in case of 

overpressure. 

 

The temperature regime is assured with the help of the heating device (11) which allows 2 batches to 

be analyzed separately. The installation was built in order to support two batches of material under the 

same temperature conditions in order to better observe and make comparisons over the general 

particularities of each used material. 

 

RESULTS AND DISCUSSION 

 

During the anaerobic fermentation process, the main reaction having as a result the biogas production 

is given by the microbial degradation of the formed biomass during the photosynthesis from solar 

energy (Weiland, 2009).  

 

6CO2 + 6H2O + Es (solar energy) -> C6H12O6 + 6O2       (1) 

 

The process converts plant metabolic compounds in the following products: 

 Carbohydrates - starches, insulin, cellulose, sugar, pectin 

 Fats - fats, fatty acids, oil, phosphates, carotene, waxes 

 Protein - Protein, nucleoprotein, phosphoprotein 

 Other - Vitamins, enzymes, resins, toxins, essential oils. 

 

During the anaerobic fermentation process there was studied the variation of the main parameters 

(temperature and pH). In Figs. 4 and 5 there are presented daily variation for those parameters. 

 

 
Figure 4. Temperature variation during the anaerobic fermentation process 

 

From Fig. 4 it can be observed that the average value for temperature is approximately 35 ÜC, the 

chosen temperature regime being the mesophilic one (30 ï 37 ÜC). 
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Figure 5. pH variation for the two batches of material 

 

Related to Fig. 5 it can be observed that the pH variation has a different pattern for each batch with 

peaks varying from 4 to 11, implying the necessity of adding correction liquid in the first phase 

(because of the general tendency for an acid regime) and also during the stabilization process for 

having a value between 6.5 and 8 for each batch of the material. After the first 15 ï 20 days the 

process is relatively stable in the neutral zone of interest. 

 

In Figs. 6 and 7 there is presented the degradation process during a 40 days period for the two 

analyzed batches through the means of visual observations with the help of a microscope. 
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e 

Figure 6. Corn cobs, phase 1(enhancement 6X); Corn cobs, phase 2 (enhancement 30X); Corn cobs, 

phase 3 (enhancement 10X); Corn cobs, phase 4 (enhancement 20X); Corn cobs, phase 5 

(enhancement 50X). 

 

  
   a      b 

  
c     d 

 
e 

Figure 7. Degraded barley, phase 1 (enhancement 6X); Degraded barley, phase 2 (enhancement 

30X); Degraded barley, phase 3 (enhancement 10X); Degraded barley, phase 4 (enhancement 40X); 

Degraded barley, phase 5 (enhancement 15X) 
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In Figs. 6a and 7a are presented the materials in the initial phase, without any degradation process 

occurring. Figs. 6b and 7b are made after 10 days, time in which the pH is relatively low and the 

material is starting to deteriorate. In the photos it can be observed that the general structure of the 

material is still the same. Figs 6c and 7c underline the degradation process after another 10 days, time 

in which the material starts to deteriorate; as it can be seen the density starts to decrease and the 

material loses its color partially. After another 10 days of fermentation (Figs 6d and 7d) there can be 

observed traces of the particles contained in the pH correction liquid together with bacteria formations 

on the entire surface of the material. The color has almost disappeared and the general density of 

material is decreasing. 

 

The last phase of the study, after 10 days (Figs 6e and 7e) is connected with almost total lack of color 

on the batch material and there are parts of material almost entirely degraded together with material in 

course of degradation. This fact suggests that there is a preferential behavior of the involved bacteria 

for the general structure of material. 

 

In many practical cases, the connection between two or more parameters which are describing a 

certain process is sufficiently restraint so the variation of one parameter can be controlled and 

expressed based on the variation of the other parameters. The functional connections of this type are 

called probabilistic connections. The study related with this type of connections was linked with the 

development of the multiple correlation theory.  

 

For an accurate description for the pH variation with temperature and time it was proposed a 

polynomial equation of second degree expressed by equation 1 (Todinca et. al, 1999), (Borse, 1997). 
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where:  ai ï equation coefficients;  

y ï pH; 

x1 ï temperature [ÜC] ; 

 x2 ï time, [days]. 

The coefficients values in the case of second degree polynomial regression are corresponding to the 

minimum of the function (Eq. 2): 

 

m

j

jjjjjjj xaxxaxaxaxaayS
1

22

25214

2

1322110 ))(Ĕ(

      (2) 

 

Through annulment of the partial derivates of S function in connection with ai coefficients, resulted a 

linear equations system. The coefficient matrix for the system A and the free coefficients vector, B 

(Eq. 3): 
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Using MATLAB, a mathematical high-level programming language and interactive environment, the 

equation system was solved and there were analyzed the experimental data. 

 

The obtained data together with the generated surfaces from the statistical mathematical models are 

presented in Fig. 8. 

 
Figure 8. pH evolution in connection with temperature T and time t for the batch containing corn cobs 

and degraded barley 

 

From the graphics it can be observed that the pH variation has an evolution form acid to neutral or 

basic levels in time. This process can be explained by the characteristic pH values connected with the 

phases from which the material starts to degrade (acid phase) until the biogas production where the 

degradation process is much more intense and the pH tends for a neutral / slight basic value. Also, in 

order to assure a corresponding value, during the process was used correction liquid (lime based 

suspension). 

 

The equations for the obtained mathematical statistical models after the linear multiple regressions are 

presented in Table 2. They are valid on the studied field of values. 

 

Table 2: Equations of the obtained statistical models 

 Batch Equation for the statistical mathematical model 

Corn cobs ï degraded barley y = 153,26 ï 8,81Āx1 + 0,49Āx2 ï 0,007 Āx1Āx2 +0,13Āx1
2 
ï 0,005Āx2

2
 

 

After the computation of the model coefficients it is necessary to make a comparison between model 

predictions and experimental data. For adequacy indicators there were used the dispersion and R 

correlation coefficient (Table 3). 

- dispersion (Eq. 4) : 
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- R correlation coefficient (Eq. 5): 
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Table 3: Adequacy indicators for determined statistical model. 
 

Batch 
Dispersion, 

ů
2
 

Correlation 

coefficient, R 

Corn cobs ï degraded barley 0,5728 0,7580 

 

The values for the presented adequacy coefficients in Table 3 are indicating a satisfactory correlation 

between the determined statistical model and experimental data. This confirms the fact that obtained 

mathematical equations describe with sufficient accuracy the pH evolution in time as a function of 

temperature. 

 

CONCLUSIONS 

 

Main parameters of influence on the anaerobic fermentation process are the temperature at which the 

process is done, the pH of slurry, the chemical composition of the materials used and the biomass 

nature. 

 

The degradation process involved together with the anaerobic fermentation is one of the most 

important factors that are to be kept in mind related with quantities and qualities for the obtained 

biogas. 

 

For each batch of material the behavior both in terms of pH and degradation is different, connected 

with the general structure which can be affected and process duration. 
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ABSTRACT  

 

During the vulcanization process secondary amines mixture is formed. The secondary amines in the presence of 

nitrogen oxides form N-nitrosamines. The tire industry is trying to reduce the content of N-nitrosamines in 

rubber products. This paper presents compounds that can be an alternative to hazardous substances.  

 

Key words: N-nitrosamines, secondary amines, replacement. 

 

 

INTRODUCTION  
 

The secondary amines in the rubber industry are present and there is a need to eliminate them. N-

nitrosamines, in the rubber industry, are generated (Speigelhalder et al., 1983; Rounbehler et al., 

1983). They are formed during mixing, milling and blending of natural rubber or synthetic elastomers, 

or of natural rubber and synthetic polymers combined with chemicals, and in the processes which 

convert the resultant blends into finished products or parts thereof. The resulting amines influence the 

speed production, the crosslinking reactions, which, depending on the amine structure can accelerator 

the technological process. Allowable N-nitrosamines concentration in the workplace is up to 2.5 ɛgm
-3
 

in the air (Dost et al., 2000; De Vocht et al., 2007; Kataoka et al., 1996). Ventilation is a possible 

solution. N-nitrosamines in rubber depend on the stabilization materials, regulators and substances 

used in polymerization termination. Rubber can contain different N-nitrosamines amounts and in the 

range from 2 to 380 ppb. Nitrosamines that are use in the rubber industry are presented in the Table 1. 
 

Table 1: N-nitrosamines commonly detected in workplace air 
 

N-Nitrosamine  
Abbreviated 

Name  

Chemical 

Formula  

Molecular 

Weight  

Chemical Structure  

N-Nitrosodimethylamine  NDMA  C2H6N2O  74  (CH3) 2-N-N=O  

N-Nitroso-n-

methylethylamine  

NMEA  C3H8N2O  88  CH3-CH2(CH3)-N-N=O  

N-Nitrosodiethylamine  NDEA  C4H10N2O  102  (CH3-CH2)2-N-N=O  

N-Nitrosodi-n-

propylamine  

NDPA  C6H14N2O  130  (CH3-CH2-CH2)2-N-

N=O  

N-Nitrosodi-n-butylamine  NDBA  C8H18N2O  158  (CH3-CH2-CH2-CH2)2-

N-N=O  

N-Nitrosodiphenylamine  NDPhA  C12H10N2O  198  Ph2-N-N=O  
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N-Nitrosomorpholine  NMOR  C4H8N202  116  O-(CH2-CH2)(CH2-

CH2)-N-N=O  

N-Nitrosopiperidine  NPIP  C5H10N2O  114  CH2-(CH2-CH2)(CH2-

CH2)-N-N=O  

N-Nitrosopyrrolidine  NPYR  C4H8N2O  100  (CH2-CH2)(CH2-CH2)-

N-N=O  

 

POSSIBLE SOLUTIONS 
 

The accelarator used in the production of car tires is benzothiazyl-2-sulphenemorpholide which during 

vulcanization process forms morpholine. Nitrosylation of morpholine generates the N-

nitrosomorpholine.  

 

The accelarator, known under the name VPKA 9124, which is benzothiazyl-2-tert. amylsulphenamide 

is a derivative of the primary amine (Figure 1.).  

 

 
 

Figure 1. Structure of benzothiazyl-2-tert. amylsulphenamide 

 

Benzothiazyl-2-tert. amylsulphenamide with the natural rubber gives better vulcanization compared to 

benzothiazyl-2-sulphenmorpholide. Differences in the rate of vulcanization between these two 

accelarators differ slightly. During vulcanization at 150
o
C, the vulcanization is slightly shorter when 

benzothiazyl-2-tert amylsulphenamide is used. Both products provide the same elasticity quality.  

When mechanical properties are considered there is no significant difference. Elastic properties of 

benzothiazyl-2-tert. amylsulphenamide is reflected in the dynamic damping determined by Roelig.  

 

REPLACEMENT FOR THIOCARBAMATES  

 

Zinc dithiocarbamates which are used in the solid rubber production and latex are a group of 

compounds which produce N-nitrosamines. These compounds can be replaced with zinc 

dibenzyldithiocarbamate and zinc diallyldithiocarbamate (Figure 2.). 

 

 

Figure 2. Structure of zinc dibenzyldithiocarbamate(left)  and zinc diallyldithiocarbamate (right) 

 

Zinc dibenzyldithiocarbamate is an exception among dithiocarbamates. It creates a secondary amine 

which is difficult to undergo the reaction of nitrosylation compared to the other dithiocarbamates. 
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Replacement can also be found among dithiocarbamate derivatives of dithiophosphoric acids: copper 

and zinc dialkyldithiophosphate. 

 

REPLACEMENT FOR THIURAM  

 

Thiurams are used as accelarators in the vulcanization and as sulfur donors. Possible replacements are 

shown in Figure 3. For two-thirds of thiurams there is yet no adequate replacement. 

 

  

Figure 3. Some of the possible replacements for thiurams as sulfur donors 

 

CONCLUSION 

 

N-nitrosamines, in the rubber industry, have set up an application for finding appropriate technological 

substitution. Presented compounds are possible solutions for lowering N-nitrosamines quantities.  

In this paper, the emissions of different rubber compounds that can occur during mixing and 

vulcanization processes were discussed. In order to reduce or to eliminate the hazardous emissions, 

several substitutes are recommended as replacement. N-nitrosamines are still an ongoing issue in the 

rubber industry. In some countries, the latest regulation permits a maximum atmospheric concentration 

of regulated N-nitrosamines of only 1 mgm
-3
. For reducing or eliminating the N-nitrosamines, 

accelerators that can be used and do not produce N-nitrosamines are dithiophosphates or accelerators 

that generate non-regulated N-nitrosamines like zinc dibutyldithiocarbamate. 
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ABSTRACT  

 

In this work we investigated adsorption properties of sumanene towards carbon monoxide (CO) molecule 

employing density functional theory (DFT) calculations. CO is common atmospheric pollutant which is hardly 

adsorbed by non-modified carbon based structures, such as carbon nanotubes. However, after certain 

modifications and fictionalizations, carbon nanotubes are able to detect this pollutant. Sumanene belongs to 

group of molecular bowls (also known as ˊ-bowls) which can be considered as fragment of fullerenes and 

carbon nanotubes. Due to its geometry, sumanene has two different surfaces and positive adsorption properties 

towards CO molecule, even when it is not modified. Thanks to its benzylic positions there are still a lot of 

possibilities to improve adsorption properties towards CO, and other, molecules. 

 

Key words: sumanene, carbon monoxide, adsorption, DFT, ˊ-bowls. 

 

 

INTRODUCTION  

 

Sumanene belongs to a group of molecules known as buckybowls (or pi-bowls, molecular bowls) 

which was synthesized in 2003 [1]. Its main structural characteristics include three benzylic locations 

and two different surfaces with different adsorption properties. The first one is very important for 

modification possibilities thanks to the three sp3 carbons, while the later one turned out to be crucial 

for adsorption properties, since more negative charge is located at the concave part of sumanene 

molecule. Another important fact related to the structure of sumanene is that it can be considered as a 

model compound of fullerenes and nanotubes [2]. 

 

Sumanene also has significant importance for the field of environmental protection. In our recent 

study [3] we have demonstrated positive adsorption properties of sumanene towards common 

atmospheric pollutants, such as CO, CO2, NH3. Sumanenes ability, according to our computational 

study, to adsorb CO molecule without modifications is what makes this molecule special with regard 

to nanotubes and fullerenes, which cannot detect CO molecules without further functionalization.  

 

We have shown that electrostatic interaction is principally responsible for positive adsorption 

properties of sumanene towards CO molecule. Sumanene also possesses relatively high dipole 

moment [4], thanks to which it is possible to induce dipole moment in other molecules and to adsorb 

them. Such mechanism of adsorption is demonstrated by Scanlon et al [5, 6] and in our recent study as 

well [4].  

 

Possible modifications of sumanene molecule include substitution of benzylic carbon atoms with 

nitrogen atoms. This type of modification was investigated in our paper [7]. During these studies it 

was concluded that dipole moment significantly increase with substitution of benzylic carbon atoms 

with nitrogen atoms.  
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As stated earlier in our paper [7] the introduction of nitrogen atom affects the bowl shaped geometry 

of sumanene. Namely, the bowl depth increases and directly consequences the bowl-to-bowl inversion 

of sumanene. Beside structural changes the most important change is related to dipole moment, which 

increases for around 50%. This fact guided us to investigate the adsorption properties of sumanene 

modified with nitrogen atom towards the CO molecules.  

 

COMPUTATIONAL DETAI LS 

 

For all DFT calculations we used three parameter Becke, Lyp and Par exchange functional (B3LYP) 

[8, 9]. A 6-31G(d,p) basis set was employed. All investigated structures were geometrically optimized 

at the mentioned level of theory. CO molecules were placed above the central six-membered ring of 

the sumanene from concave side after which geometrical optimization was performed. 

 

Adsorption energy was calculated according to the following expression: 

 

COSumaneneCO+Sumanenead EEE=E                                                          (1) 

 

where MoleculeE  stands for the total energy of CO molecule, while CO+SumaneneE  is total energy of a 

system consisting of Sumanene and CO molecule. 

 

All DFT calculations were carried out using Jaguar, version 8.5 [10] as implemented in Schrºdinger 

Materials Suite, release 2014-3. Since these are initial results concerning the improvement of 

sumanene adsorption properties, basis set superposition error (BSSE) is not treated. 

 

RESULTS AND DISCUSSION 

 

Geometry of sumanene modified with nitrogen atom (sumanene@N) in this work ia presented in 

Figure 1. Introduction of nitrogen atom affected the geometry of sumanene, leading to significant 

changes of bowl depth. These changes of bowl depth are in agreement with the results of Sastry et. al. 

[11] where they concluded that the bowl depth of heterobuckybowls is affected by the size and 

location of the substituting atom. Thus, the monosubstitution with larger substituents tends to flatten 

structure compared with the regular sumanene and vice versa. 

 
Figure 1. Geometry of system sumanene@N + CO 
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Introduction nitrogen atom not only affected significantly the structural parameters, but also the charge 

distribution. This led to the significant increase of dipole moment. Dipole moment is very important 

for mechanism of physisorption, since the molecule with high dipole moment can induce dipole 

moment in otherwise non-polarized molecule [5, 6]. Calculated dipole moment of regular sumanene is 

1,93 D as shown in our paper [4]. This is relatively high value which is responsible for positive 

adsorption properties of sumanene towards CO [3]. However, after introduction of nitrogen atom, 

dipole moment of sumanene significantly increased, as presented in Table 1. 

 

Table 1: Dipole moments and bowl depth of regular and nitrogen modified sumanene 
 

Structure Dipole moment [D]  Bowl depth [¡] 

Sumanene 1,93 1,13 

Sumanene@N 2,90 1,20 

 

It can be seen in Table 1 that after modifications of sumanene with nitrogen atom dipole moment 

increased significantly ï to the value of 2,9 D. Thus, the increase in dipole moment is around 50 %. 

 

In order for some structure to be suitable for adsorption, it is essential to have suitable range of 

adsorption energies. When it comes to the adsorption of CO molecules it is preferred to have as high 

as possible adsorption energy in order to efficiently eliminate CO from environment. Adsorption 

energy of regular sumanene towards CO molecule is -0,83 kcal/mol and can be improved after 

modifications of benzylic positions, due to the increase in dipole moment.  

 

Table 2: Binding energies of sumanene and its derivate with nitrogen atom 
 

Structure Binding energy [kcal/mol] 

Sumanene -0,83 

Sumanene@N -2,38 

 

It can be seen that the interaction between sumanene and CO molecules is significantly improved after 

modifications of sumanene nitrogen atom. Namely, for the case when sumanene is modified with one 

atom of nitrogen adsorption energy is almost three times higher than for regular sumanene! 

 

CONCLUSION 

 

In this work we demonstrated that adsorption properties of sumanene could be improved with the 

substitution of its benzylic positions with nitrogen atom. Better adsorption properties are result of the 

increased dipole moment due to the different charge distribution after substitution of sumanene's 

benzylic positions. Increased dipole moment of sumanene improves the interaction with CO molecules 

and the adsorption energy is higher, especially for the case when nitrogen atom is introduced at 

sumanene's benzylic position. The obtained adsorption energies correspond to the mechanism of 

physisorption so it can be concluded that the electrostatic interaction between sumanene and CO is 

principally responsible for positive adsorption properties of this organic molecule.  
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ABSTRACT  

  

In this paper the authors studied the synergy of the legislative and the actual state of protection of fuels quality 

on the basis of exact parameters due to the territory of the Republic of Serbia, assessing the quality of legal 

provisions and their applicability, pointing to possible failures in legislation and in implementing these 

provisions. In the Republic of Serbia, liquid fuels have been produced since 2013, according to EU standard 

requirements. Besides, the consistent application in practice is needed, improvement of monitoring of fuel 

quality and ensuring transparency and accessibility of information. 

 

Key words:  legal protection, environmental, fuel quality, Serbian law, EU legislation.  

 

 

INTRODUCTION   

 

Nowadays ecological policies take an important place in the activities of European Union. Traffic 

considerably influences on the environmental because a high percentage of air pollution comes from 

mobile sources. The main polluters mobile sources are: carbon oxide (II) CO, nitrogen oxides NO2, 

hydrocarbons, lead in the form of their organic compounds, as well as photochemical smog special 

shape, aldehydes, ketones and particles. So, traffic represents a significant pollution source although 

efficient and flexible system is a base for economy and quality life for every country. Transport is 

today fuelled to a very large extent by oil. This situation has implications on energy policy, but it is 

also of great relevance from an environmental perspective, notably in view of climate change. 

 

The authors in this paper present the most important EU regulations in the field of legal protection of 

fuel quality as one specific issue within environmental protection. Through analysis of European 

legislation the authors point at normative framework that is being implemented in legislation of 

Republic of Serbia. Special attention is focused on legislation of Republic of Serbia related to this 

field by studying the level of harmonization of Serbian regulations of fuel quality fuels with European 

legislation.  

 

EUROPEAN LEGISLATION ON FUEL QUALITY  

 

With regard to the importance which air quality has, this question is regulated in the legislation of 

European Union. The Directive on Cleaner Air for Europe (2008/50/EC) (CAF£)
 
establishes 

harmonized health standards for polluting substances in air which arouse greater concern. This 

Directive requires from governments to define air quality zones which cover the whole country. 

Boundaries between the zones are determined according to the density of population and criteria of 

exposure. If the standards are not satisfied, plans for air quality management have to be defined, and 

by the authorities at the very level which are competent for particular zone, whose object is to reach 

the quality standard on the territory of the zone in the shortest time possible. Directive 96/61/EEC on 

Integrated Pollution Prevention and Control (IPPC) is being applied on industrial and other facilities 

and activities which are classified according to the level of pollution and the risk these activities might 

have for the health of people and the environment. General framework for regulations in the area of air 

quality is the directive of the Council 96/62/EC on assessment and management of air quality which 
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has been adopted by Serbian law. By means of this directive a list of polluting substances among 

which there are SO2, NO2, CO, particles, lead, ozone, cadmium, arsenic, nickel, mercury, and benzene 

is established and maximum allowed concentrations are further defined. Significant are the 

directives which refer to Air Quality and Daughter Directives (SO2, NOx, Pb) ï 99/30/EEC, 

Volatile Organic Compounds ï 99/13/EC, Quality of Fuels ï 98/70/EEC, Emissions of Non-

Road Mobile Machinery ï 97/68/EC, Carbon Dioxide and Other Greenhouse Gas Emissions ï 

93/389/EEC, Emission from motor vehicles ï 70/220/EEC. Council Decision 97/101/EC 

establishing a reciprocal exchange of information and data from networks and individual stations 

measuring ambient air pollution within the European Union (Exchange on Information decision (EOI) 

on Air) held of 27 January 1997.
 
A Community-wide procedure for the exchange of information and 

data on ambient air quality in the European Community is established by the Council Decision 

97/101/EC. The decision introduces a reciprocal exchange of information and data relating to the 

networks and stations set up in the European Community to measure air pollution and the air quality 

measurements taken by those stations. Reduction of sulfur oxides pollution (SO2) in the European 

Union was achieved by implementation of EU legislation on limited pollution from large combustion 

plants and by implementation of standards of low sulfur content of the fuel for transports. 

 

In the group of regulations for protection from air pollution from mobile sources are also European 

Union regulated to quality of fuels and discharging cars waste goses from: Council Directive 

1999/32/EC relating to a reduction in the sulfur content of certain liquid fuels and amending Directive 

93/12/EEC.
 
 Amended by: Regulation (EC) No 1882/2003, Directive 2005/33/EC, Regulation (EC) No 

219/2009, Directive 2009/30/EC. Directive 1999/32/EC on reduction of sulfur content of certain liquid 

fuels aims to reduce the emissions of sulfur dioxide resulting from the combustion of certain types of 

liquid fuels and thereby to reduce the harmful effects of such emissions on man and the environment. 

These reductions in emissions of sulfur dioxide shall be achieved by imposing limits on the sulfur 

content resulting from the combustion of certain types of liquid fuels as a condition for their use. 

Petrol is a complex mixture of volatile organic compounds (VOCs) which readily evaporate into the 

atmosphere where they contribute to several air pollution problems. These include excessive levels of 

benzene in ambient air and photochemical formation of ozone which is both an air pollutant and a 

greenhouse gas.  Directive 98/70/EC of the European Parliament and of the Council of 13 October 

1998 relating to the quality of petrol and diesel fuels and amending Council Directive 93/12/, 

Directive 2000/71/EC, Directive 2003/17/EC and Directive 1882/2003.
 
Directive 97/68/EC of the 

European Parliament and of the Council of 16 December 1997 on the approximate on of the laws of 

the Member States relating to measures against the emission of gaseous and particulate pollutants from 

internal combustion engines to be installed in non-road mobile machinery amended by: Directive 

2001/63/EC, 2002/88/EC and Directive 2004/26/EC. The non-road mobile machinery (NRMM) sector 

covers a large variety of equipment types which are used in many different economic activities such as 

construction, agriculture, rail or inland waterway transport. Combustion engines used in this 

machinery are regulated by Directive 97/68/EC which aims at reducing air pollutant emissions and 

providing a harmonized basis for placing these engines on the European Union market. Despite the 

limits set by Directive 97/68/EC and its subsequent amendments, the NRMM sector has become an 

increasingly important source of air pollution, in particular of NO2 and particulate matter. The overall 

objective of the revision is to further contribute to the improvement of the air quality in Europe while 

at the same time ensuring the correct functioning of the internal market. Non-Road Mobile Machinery 

(NRMM) covers a large variety of engine installations in machines used for purposes other them for 

passenger or goods transport. Diesel and spark emission engines installed in these NRMM such as 

excavators, bulldozers, front loaders, back loaders, compressors contribute greatly to air pollution by 

emitting carbon oxide (CO), hydrocarbons (HC), nitrogen oxides (NO2) and particulate matters. In line 

with the European Union environmental policy it is the objective to progressively reduce the emissions 

and to phase out polluting equipment. Emissions from these engines are regulated before they are 

placed on the market by six directives: the "mother" Directive 97/68/EC, the amendments Directive 

2002/88/EC, Directive 2004/26/EC, Directive 2006/105/EC, Directive 2011/88/EU and the last 

amendment Directive 2012/46/EU. For the various types of NRMM, the Directive stipulates the 

maximum permitted exhaust emissions as a function of the power of the relevant engine. Moreover the 
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Directive includes a series of emission limit stages of increasing stringency with corresponding 

compliance dates. Manufacturers must ensure that new engines comply with these limits in order that 

they can be placed on the market. Directive 2005/55/EC of the European Parliament and of the 

Council of 28 September 2005 on the approximation of the laws of the Member States relating to the 

measures to be taken against the emission of gaseous and particulate pollutants from compression-

ignition engines for use in vehicles, and the emission of gaseous pollutants from positive-ignition 

engines fuelled with natural gas or liquefied petroleum gas for use in vehicles.  Commission Directive 

2005/78/EC of 14 November 2005 implementing Directive 2005/55/EC of the European Parliament 

and of the Council on the approximation of the laws of the Member States relating to the measures to 

be taken against the emission of gaseous and particulate pollutants from compression-ignition engines 

for use in vehicles, and the emission of gaseous pollutants from positive ignition engines fuelled with 

natural gas or liquefied petroleum gas for use in vehicles and amending Annexes I, II, III, IV and VI 

thereto Directive (EC) No 715/2007 of the European Parliament and of the Council of 20 June 2007 

on type approval of motor vehicles with respect to emissions from light passenger and commercial 

vehicles (Euro 5 and Euro 6) and on access to vehicle repair and maintenance information
.
  This 

regulation provides that Euro 5 Standards apply for registration and sale of new vehicles since 1 

January 2011 and Euro 6 Standards from 1 January 2015.  

 

The main effect of Euro 5 is to reduce the emission of particulate matter from diesel cars from 

25mg/km to 5mg/km. Euro 6 will mainly reduce the emissions of NO2 from diesel cars further, from 

180mg/km to 80mg/km.  Directive 1999/94/EC  of the European Parliament and of the Council of 13 

December 1999 relating to the availability of consumer information on fuel economy and CO2 

emissions in respect of the marketing of new passenger cars. Amended by: Commission Directive 

2003/73/EC of 24 July 2003, Regulation (EC) No 1882/2003 of the European Parliament and of the 

Council of 29 September 2003, Regulation (EC) No 1137/2008 of the European Parliament and of the 

Council of 22 October 2008. European Parliament and Council Directive 94/63/EC of 20 December 

1994 on the control of organic compound (VOC) emissions resulting from the storage of petrol and its 

distribution from terminals to service stations Council Directive 72/306/EEC of 2 August 1972 on the 

approximation of the laws of the Member States relating to the measures to be taken against the 

emission of pollutants from diesel engines for use in vehicles. 

 

Diesel ï fuel  is one of the main products of oil refining.( Shah, R,, J, and al, 2003) It is distilled 

between 170 and 360ÁC, and serves for diesel motor drive.( Willey, N, 2007) Quality of fuel is 

determined by cetane number (quality of lighting). It mustnôt be too big because it causes incomplete 

combustion and appearance of smoke in combustion  gases. Its minimum is between 25 and 45 

depending on the type of diesel fuel. In Japan, cars with diesel engines are forbidden.(Wellington, B.F, 

and al, 1995). High levels of sulfur in diesel are harmful for the environment because they prevent the 

use of catalytic diesel particulate filters to control diesel particulate emissions, as well as more 

advanced technologies, such as nitrogen oxide (NOx) adsorbers (still under development), to reduce 

emissions.(U.S. Energy Information) 

 

Table 1: The level of sulphur in diesel 
 

Emission standard at latest Sulphur content    Cetane number 

Euro 1 1. January 1993 max. 2000 ppm min. 49 

Euro 2 1. January 1996 max. 500 ppm min. 49 

Euro 3 1. January 2001 max. 350 ppm min. 51 

Euro 4 1. January 2006 max. 50 ppm min. 51 

Euro 5 1. January 2009 max. 10 ppm min. 51 
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In the past, diesel fuel contained higher quantities of sulfur. European emission standards and 

preferential taxation have forced oil refineries to dramatically reduce the level of sulfur in diesel fuels. 

In th European Union the sulphur content has dramatically reduced during the last 20 years. 

Automotive diesel fuel is covered in the European Union by standard EN 590 In the 90's specifications 

allowed a content of 2000ppm max of sulphur, reduced to a limit of 350pmm by the beginning of the 

21st century with the introduction of Euro3 specifications. The limit was lowered with the introduction 

of Euro 4 by 2006 to 50ppm (ULSD, Ultra Low Sulphur Diesel). The standard currently in force in 

European Europe for Diesel Fuel is the Euro 5, with a maximum content of 10 ppm. (Tab.1). 

 

Led by Serbia, 15 countries rose in Hart Energy Research & Consultingôs 2013 ranking of countries 

based on commitment to lower sulfur content in diesel fuel. Serbiaôs national specifications required 

all diesel distributed in the country to be ñfreeò of sulfur (defined as less than 10 parts per million) as 

of August 2013. The country joins 47 other countries that have adopted sulfur-free diesel as a national 

policy. (International Fuel Quality Center (IFQC), 2013) 

 

IMPLEMENTATION OF EUROPEAN LEGISLATION ON FUEL QUALITY IN REPUBLIC  

OF SERBIA 

 

In the Republic of Serbia, there is an ongoing process of harmonization with the European Union 

regulations. Laws like that regulate quality standards such as of fuel quality as well.  In Republic of 

Serbia the quality of liquid fuels of oil origin is regulated by Rules on Technical and Other 

Requirements for Liquid Fuels of Oil Origin (hereinafter: Rules). 
  
Based on of the Law on Technical 

Requirements for Products and Conformity Assessment (Art.6 (1))
 
Minister of Energy, Development 

and Environmental Protection Republic of Serbia (MEDEP) passed the Rules which was not 

harmonized with the Directive 1882/2003 and Directives 2005/35EU, 2003/17EU. By Rules technical 

and other requirements are regulated related to liquid fuels of oil origin which are used as fuels for 

internal combustion engines and as energy fuels on the market of Republic of Serbia (hereinafter: 

liquid fuels), as well as the way of evaluation of liquid fuels conformity assessment. (Art.1.) Liquid 

fuels according to these Rules are: unleaded petrol, aviation petrol, jet fuel, gas oil and fuel oil. (Art. 

2.) Unleaded petrol, according to the Rules, are all evaporative fuels of oil origin made for internal 

combustion engines with force ignition which are used for motor vehicles and they are: EURO BMB 

98; EURO PREMIUM BMB 95 and PREMIUM BMB 95. (Art. 3) By the Law on Ratification of the 

Treaty of establishing the Energy Community EU and Albania, Bulgaria, Bosnia and Herzegovina, 

Croatia, FYR of Macedonia, Montenegro, Romania, Serbia and Temporary Mission of UN at Kosovo 

in accordance to Resolution 1244 of Security Council of UN it is prescribed obligation of Republic of 

Serbia to implement Directive of the Council 1999/32 /EC from 26
th
 April 1999 which is related to 

reduction of sulfur content in some liquid fuels.  

 

Considering technical and other requirements unleaded petrol EURO BMB 98 must satisfy all 

requirements of the standard SRPS EN 228, except for research octane number Ron which must be at 

least 98.0 and motor octane number MON which must be at least 88.0.  

 

Unleaded motor petrol EURO PREMIUM BMB 95 must satisfy all requirements of the standard SRPS 

EN 228. Unleaded motor petrol PREMIUM BMB 95 is not coloured and must satisfy all requirements 

of the standard SRPS EN 228, except for density, lead content, sulphur, benzene, flavor, olefin and 

motor number. Limit values for density, lead content, sulphur, flavor and olefin for unleaded motor 

petrol 95 are:  
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Table 2: Limit values for density, lead, sulphur, benzene, aromates and olefin content  for unleaded 

motor petrol EURO PREMIUM BMB 95 
 

Characteristic Unit  Limit  Deadline 

 C), 

highest 

kg/m
3
 780 Until 31.july 2013 

Pb content mg/l 13 Until 31July 2013 

S content mg/kg 650 Until 31July 2013 

Benzene content % (V/V) 5,0 Until 31 July 2013 

Aromates content % (V/V) 55 Until 31 July 2013 

Olefines content % (V/V) 22,0 Until 31 July 2013 

Octane number,  83,0 Until 31 July 2013 

 

In European countries an ammount of sulphur is reduced in diesel fuels according to European norms  

EN 590. Therefore, the level of sulphur has been 10mg/kg since 2009. Reduction of sulphur in liquid 

fuels is the simpliest way for reducing emmission of pollutants from mobile ones although it is not 

enough. When agricultural machines are in question pollution control is mainly performed by 

reduction of sulphur quantity in fuels. European Directives, among the others, direct EU members to 

secure certain quantity of fuel with lower sulphur content for agricultural machines on their territories 

in definite time. Based on the analysis of directives and norms of EU, norms in Serbian legislation, 

regulations, laws and other legal regulations on liquid fuels and also manuals of agricultural machines 

producers criteria for selection of necessary fuel quality on the market for definite fuel type are set. It 

is significant to include these regulations in our legislation correctly especially in the sector of 

agriculture and its influence on the enviroment taking into consideration negotiations of Serbia related 

to entering EU. 

 

By the Rules it is stipulated that beside derivates of European quality it is possible to put on the market 

of Republic of Serbia, until 31
st
 July 2013, liquid fuels whose characteristics are not fully harmonized 

with European standards. They are: unleaded motor premium bmb 95; diesel fuel d2; diesel fuel d2s; 

diesel fuel d1e and gas oil extra light el. Taking into account that participants on liquid fuels market 

have these derivates in their storage capacities they are allowed to spend energy stocks un till the 

mentioned term. According to the Rules, oil derivates which are not harmonized with European 

quality should be retreated from the market in July 2013. According to data from MEDEP of Republic 

of Serbia consumption in 2012 shows that total consumption of motor petrol in Serbia was about  

422.000 tons, out of which about 83% (351.000 tons)  was consumption of PREMIUM BMB 95P, and 

17% (71.000 tons) of EURO PREMIUM BMB 95. Estimation of diesel fuel consumption is about 

1.393.000 tons out of which about 31% (433.000 tons) is consumption of diesel fuel D2 and 69% 

(960.000 tons) consumption of Euro diesel.
 
 

 

Gas oil, according to the Rules, are all liquid fuels of oil origin in which less than  65% of volume  

(including loss) is distilled at  250o C and at least  85% of volume  (including loss) is distilled at  

350
o
C according to SRPS EN ISO 3405. They are: EURO DIESEL, diesel fuel GAS OIL 0,1, diesel 

fuel  D2,  diesel fuel  D2S, diesel fuel  D1E, GAS OIL EXTRA LIGHT EURO EL and GAS OIL 

EXTRA  LIGHT  EL.(Art.6(1)(2) Ruels. It is also stipulated by the Rules that until 31st  December  

2015 it is possible to put on the market  fuel oil medium  s and  fuel oil heavy t whose characteristics 

are not in accordance to requirements of Directive 1999/32,  taking into account that for reduction of 

sulfur content in these derivates is necessary additional investment in refinery plants. Legislator 

predicted this because it was considered that if Oil industry  ĂNISò ad
 
was prevented from placing 

these heating oils on the market it could cause full stoppage of production of all other derivates 

necessary for supplying consumers in Serbia. Beside obligation to implement Directive 1999/32 in 

Serbian law it is also recognized a need to enable military vehicles, tractors and work machines to be 

supplied with liquid fuel other than Euro diesel. For this reason it is stipulated by the Rules that GAS 

OIL 0,1 should be used for tractors, work machines, military vehicles ( in accordance to the regulation 

for traffic safety on roads) and trains and boats with diesel drive from 1st August 2013 on the territory 
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of Serbia. (Art.6(4)) Maximum ammount of sulfur of 1000 mg/kg in this derivate of oil is ten times 

smaller in comparison to diesel fuel D2, D2S and D1E  and it is complitely in harmony with 

requirements of EU Directive which this field is regulated by. By the Rule is also recognized the need 

for placing supplemented fuels and sales people are given a chance to label these products clearly by 

commercial names. Since diesel fuel D2 is mostly used in agriculture, economy and  for military 

purposes, the Rules stippulates introduction of new derivate ï diesel GAS OIL 0.1 which has lower 

quotation price. By  introduction of this derivate a lower, cheaper price of diesel is kept. All in all, the 

market will determine the need and price for this product.  

 

In the Serbian market, for domestic products, manufacturer issues Declaration of product conformity 

with the requirements. (Art.21). Declaration is issued on the basis of the report on investigation which 

is carried out by the body for conformity evaluation named by Minister for Energy according to the 

law which determines technical requirements for products and evaluation of conformity as well as 

according to specific regulations issued on this law which determines the way of appointing the body 

for conformity evaluation. A producer has an accredited body for investigation and, in this case, the 

report can be made by accredited body instead of the appointed body.  

 

The procedure of evaluation is carried out by the appoined body and a Confirmation is issued on the 

basis of the report which is conformed with the Rules.  

 

According to the Rules and in order to be appointed the body for investigation conformity should 

fulfill the following conditions: 

1. Conformity assessment body, its executive or the members of executive board as well as other 

employed or engaged entities (hereinafter: entities) responsible for performance of conformity 

assessment according to the Rules cannot be representatives of producers or those dealing 

with liquid fuels trading which does not exclude exchange of technical information; 

2. Conformity assessment body as well as its entities are obliged to perform evaluation of 

conformity with the highest degree of professional integrity and technical ability and they 

must not be exposed to any kind of pressure or be in conflict of interest, especially financial 

that could influence their evaluation or the results of investigation primarily by entities or a 

group of entities interested in the results of conformity evaluation; 

3. Conformity assessment body must have at disposal entities with technical knowledge as well 

as with appropriate experience for performing evaluation; 

4. Conformity assessment body must possess appropriate equipment for evaluation depending on 

the requirements prescribed by Serbian standards from the Articles 8-19 of the Rules; 

5. Entities performing conformity evaluation of liquid fuels must be objective and their fee 

cannot depend on the number of investigations performed or on their results; 

6. Conformity assessment body must have an appropriate general document prescribing the 

procedure for performing conformity evaluation including decision on complaints related to 

the work of the body and its decisions; 

7. Conformity assessment body must sign a contract of insurance against liability for damage; 

8. Entities of conformity assessment body are obliged to keep as business secret all information 

obtained at performing evaluation conformity according to their general act on business secret, 

the Rules and other regulations. 

 

Taking samples of liquid fuel is performed according to requirements of the standards SRPS EN ISO 

3170 and SRPS EN ISO 3171. (Art..24) Taking samples of liquid fuel for the needs of making a report 

on investigation and issuing a Declaration or Confirmation is performed from the reservoir of oil and 

oil derivate warehouse.(Art.25) 

 

Declaration or Confirmation  includes:  

1. Business name or the name and address of a producer or importer;  

2. Name of the product;  

3. Amount, number and date of individual delivery note or Customs declaration for liquid fuels, 

imported and put on the market of Republic of Serbia;  
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4. The name of the country in which a product is produced;  

5. Number and date of the report on investigation and information about accredited body which 

issued it;  

6. Name of technical regulation by which a confirmation assessment of the product is evaluated, 

including the number of  Official Gazette of Republic of Serbia in which the regulation is 

published; 

7. Information on the applied standards which the Rules refers to and related to the statement on 

conformity assessment; 

8. Identification and signature of an entity in charge responsible for issuing a Declaration or a 

Confirmation in the name of a producer or the named body for conformity evaluation;  

9. Place and date of issuing a Declaration or a Confirmation.  

 

Obligatory supplement to Declaration or a Confirmation from the Rules is a Report on investigation. A 

producer or a named body for confirmation assessment evaluation are obliged to keep this Declaration 

or Confirmation  as well as the Report at least for two years from the day of issuing. (Art.26) 

 

Liquid fuels must be accompanied by the following when putting into traffic on Serbian market: 

Delivery note; Declaration or Confirmation; Report on investigation; Statement of energy entity who 

trades with motor or other fuels at stations for vehicles supply (only for additive fuels), other acts 

according to specific regulations. (Art.27) 

 

 Liquid fuels of Euro 5 quality has been produced in Serbia since 2013. NIS in Panļevo has 

completely converted its production of liquid fuels that meet the Euro 5 Standard requirements. After 

the commissioning of the new complex, annual fuel production volume by Euro 5 Standard will be 

increased to 638,000 tones and diesel to 1,000,538 tones. Significant increase of quality and 

environmental characteristics of produced liquid fuel will affect the environment.  Further conciliation 

of regulations of the Republic of Serbia, in this area, with EU regulations implies, according to the 

National Programme for Integration with the European Union (NPI):  The adoption of technical 

regulation which would transfer the Directive 1999/32 on restriction of sulphur in certain liquid fuels 

and amendment to the Directive 93/12/EEU and Directive 2003/17/EU ï amendment to the Directive 

relating to the quality of the gasoline and diesel fuel. (Todic, D, 2010) 

 

CONCLUSION 

 

European Directive on the quality of liquid fuels provides for certain restrictions in order to protect the 

environment. In the Republic of Serbia, there is an ongoing process of harmonization with the 

European Union regulations. In Republic of Serbia, liquid fuels Euro 5 quality has been produced 

since 2013.  By the Rules it is stipulated that beside derivates of European quality it is possible to put 

on the market of Republic of Serbia, until 31
st
 July 2013, liquid fuels whose characteristics are not 

fully harmonized with European standards. According to the Rules, oil derivates which are not 

harmonized with European quality should be retreated from the market in July 2013. It is also 

stipulated by the Rules that until 31st  December 2015 it is possible to put on the market  fuel oil 

medium  and  fuel oil heavy whose characteristics are not in accordance to requirements of Directive 

1999/32,  taking into account that for reduction of sulfur content in these derivates is necessary 

additional investment in refinery plants. Beside obligation to implement Directive 1999/32 in Serbian 

law it is also recognized a need to enable military vehicles, tractors and work machines to be supplied 

with liquid fuel other than Euro diesel. For this reason it is stipulated by the Rules that GAS OIL 0,1 

should be used for tractors, work machines, military vehicles and trains and boats with diesel drive 

from 1st August 2013 on the territory of Serbia. Significantly increase the quality and characteristics 

produced liquid fuel will influence the environment. 
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ABSTRACT 
 

Key trends in sustainable transport show us that the energy consumption in transport per BDP unit at EU-27 in 

2011 declined for 8.3%,  compared to 2000. Generally, in the observed period, the energy spent in transport was 

increased for 6.7%, while the economic growth was faster with 16.5%. This trend was slightly increased at the 

beginning of the economic crisis, as well as the ecological components which followed the transport 

development, which indicates that there weren't any significant changes of transport and mobility which may 

exist among countries because of the methodological reasons. Although the objectives  of the EU move towards 

reducing the existing emissions for 20% up to 2020 and 95% up to 2050, at  the demand of Germany, the EU 

postponed the adoption of regulations in October 2013, which doesn't diminish  the importance of need  for 

pollutants' emission reduction in public transport. In this paper, the emission evaluation at the wider range of 

the intersection with four traffic flows flowing into it  was performed, by using the  EMEP/EEA methodology and 

the latest ADMS ROAD software. The aim is to point out the emission quantity by pollutants, their spreading and 

the locations of their greatest concentration. 

 

Key words: road transport, emissions and emission factors, ADMS Road. 

 

 

INTRODUCTION  
 

Emissions in public transport are created by combustion of fuels such as petrol, diesel, liquid petrol 

gas (LPG) and natural gas in internal combustion engines. According to [6], the suggested emission 

methodology from road transport  (NFR sector 1.A.3.b)  is used in most European countries in which 

the vehicles are  coded and classified: 

Å 1.A.3.b.i   Road transport : cars (PA on LPG, diesel and petrol); 

Å 1.A.3.b.ii  Road transport:  light goods vehicles (lorries) (LGV on diesel and petrol); 

1.A.3.b.iii   Road transport:  heavy goods vehicles and buses (BUS, diesel); 

Å 1.A.3.b.iv Road transport:  motor driven cycles and motors (MOT, petrol). 

 

The emission distribution differentiates  road activities by types of streets: highways, rural and urban 

roads. For the mission assesment an urban area , through which heavy goods vehicles, except buses, 

do not transit,was chosen. The analysis includes cars from the M1 subcategory (petrol and diesel, 1.4-

2.0 cm
3
), LGV N1(< 3,5 t), BUS from M2 (City conventional) and motorcycles from L3 category (50-

250 cm
3
). With all the vehicles, the EURO III engines (2000-2005) were analyzed, according to the 

98/69/EC Directive (Step 1, 2000). According to the detail level of the  available data ,the pollutants 

from group 1 (CO, NOx i N2O, PM 2,5-10-TSM (common powdery substances), NH3,  ammonia, 

NMVOC nonmethanic vaporable organic compounds ï given as an equivalent to THC-CH4  and their 

standard emission factors were chosen. Correction factors (traffic physical and exploatational, engine 

operation factors and others)  were not taken into account. 

 

Data input , according to ADMS ROAD requests, consisted of a several steps. The emission for each 

street  was estimated by the TIER 2 method, with the street net characteristics being used, also the 
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traffic intensity and the standard emission factors of each source of pollution. By space mapping of 

emissions, their spread at the observed locations  was shown. 

 

FLOW ANALYSIS AND THE ELEMENTS NEEDED FOR MISSION EVALUATION  
 

For this analysis, an intersection with four approaches flowing into it was chosen, with a very 

significant traffic intensity, and of following characteristics: Kneza Viġeslava 437 m, Pilota Mihaila 

Petrovica 1 - 270 m and the other part of Pilota Mihaila Petrovica 2 - 327  m, Patrijarha Joakima 217 

m, figure 1.  Kneza Viġeslava Street starts from Poģeġka Street, goes across Koġutnjak to a busy 

intersection where it ends, linking Vidikovac to Koġutnjak, Banovo Brdo, and across Banovo Brdo, 

with central city zones. It is a two-way street, with one lane in each direction, except in the 

intersection zone, where there are two merging lanes, one for left turns, one for straight  and right 

directions, and one for diverging. The city transit vehicles use this street ï bus lines 23, 53 and E5 and 

partially 37, 50, 89 and E5 lines, while movement is forbidden for goods vehicles weighing over 3,5t. 

 

  
Figure 1. Street position in macro and meso environment 

 

Pilota Mihaila Petrovica Street links The Ibar Highway to Rakovica settlement, spreading from West 

to East. It is a two-way street with one lane in each direction, except in the intersection zone, where 

there are two merging lanes, one of which is combined, ie intended for movement of vehicles which 

keep going straight or turn right , and one for diverging. From the intersection in question, viewed 

eastward, the city transit vehicles for passengers' transport use this street (bus lanes 37, 50, 59 and E5). 

 

Patrijarha  Joanikija Street starts from the actual intersection  and goes on to Petlovo Brdo. It is a two-

way street, too, with one lane in each direction, except in the intersection zone, where there are two 

merging and one diverging lane. The city transit vehicles use this street ( bus lines 23, 53 and E5) 

while movement is forbidden for goods vehicles weighing over 3,5t. 

All the streets creating this intersection are the II order streets. 

 

 
 

Figure 2. Traffic figure at micro level by accesses 
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At the intersection, the crossing of streets is in the level and the streets create an inclined, direct, four-

way intersection, figure 2. This intersection has a non-restricted (all  directions are allowed), but a 

reduced software, because all the directions don't have their own lane.  

According to the way of regulating and managing the traffic, the intersection contains  the regular state 

measures. At this intersection, traffic is regulated by traffic signals followed by appropriate elements 

of horizontal and vertical signalization. In the immediate surroundings of  the intersection, there are 

also city transit  bus stops. The flows were studied by directions and by vehicle categories, table 1. 

The study period during a working  day included the sixty-minute drives which were realized at the 

peak hours of traffic load and the complete vehicle distribution was based on that, table 1. The 

research was narrowed to data collecting for the streets with no longitudinal grade and maximum 

speed limit of 50 km/h and an uninterrupted traffic flow with minimal obstructions. Measuring was 

performed in the conditions of moderate drive without sudden speeding or slowing down, which is 

very often a case in traffic. 

Table 1: Traffic flows structure by moving directions 

 

 

 

 

 

 

 

 

Collecting complete sets of data for emission evaluation from every source is a serious methodological 

problem since some sources aren't determined and it's hard to measure the emissions in continuity and 

with high precision. Besides, it is not simple to connect the emission values with corresponding 

conditions in the traffic flow. In some researches, the emission evaluation for one pollutant was used 

for getting the pondered evaluation of some other pollutant emission. For example, the PM10 

emissions from certain processes can be estimated on the basis of the allocational VOC emission 

processes. In some cases, the known relations of PM10/PM2.5 can be used for the evaluation of PM10 

and PM2.5 emissions for similar processes in other areas. In the complete emission, road transport  

about 16% PM, 42% NOx, 29% CO, HC 16%, etc. in Europe (EEA 2012). 

 

Table 2: Basic vehicle distribution by streets and types of drives 

Street 

name  
Direction PA LTV BUS MOT 

Pilota 

Mihaila 

Petrovica 2 

12+21  246 51 28 12 

23+32 293 46 17 6 

24+42 362 55 0 10 

× 1126 901 152 45 28 

Pilota 

Mihaila 

Petrovica 1 

14+41 214 37 0 7 

24+42 352 55 0 10 

34+43 153 34 1 4 

× 867 719 126 1 21 

Patrijarha 

Joakima 

34+43 153 34 1 4 

23+32 293 46 17 6 

13+31 348 48 47 10 

× 1007 794 128 65 20 

Kneza 

Viseslava 

14+41 214 37 0 7 

13+31 348 48 47 10 

12+21  246 51 28 12 

× 1048 808 136 75 29 

Vehicle distribution MOT  

petrol 

PA LTV  
BUS diesel 

Street Total of veh. diesel petrol diesel petrol 

 Mihajla P. 2. 1126 23 338 563 34 113 56 

 Mihajla P. 1. 867 17 260 434 26 87 43 

Patrijarha J. 1007 20 302 504 30 101 50 

  Kneza V. 1048 21 314 524 31 105 52 

  TOTAL 4048 81 1214 2025 121 406 171 
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According to  [9], there are methods for emission evaluation based on the  level of details.  The ĂTier 

1ñmethod is the first level which only uses the appropriate emission factors. The ĂTier 2ñ method is 

more complex than the previous one , it uses more specific emission factors developed on  knowing 

the kinds of processes and specific process conditions. It also reduces the uncertainty level of the 

evaluation and is considered as adequate for the emission evaluation. The ĂTier 3ñ method is 

considered to be the method which uses the latest scientific findings with more sofisticated approaches 

and models. By applying ĂTier 2ñ, the emissions' results by streets were evaluated just on the basis of 

emissions during the active drive (engine running), assuming that the exhaustion gases emissions 

during the cold engine start or the idling are independent of the driver's conduct, tables 3 to 6. When 

we evaluate a mission,  variability is also important, ie, the uncertainties of the evaluation. When we 

compare the model values to the real values of emissions used for validation, the model accuracy 

should be taken into account. It is also important to consider the required emission evaluation quality. 

 

Table 3: Emission in Pilota Mihajla Petroviĺa Street, approach 2 

Street 

Pollutant 

Pilota Mihajla Petroviĺa, approach 2. 
Ɇ 

g/h 

 

Ɇ 

g/s 
MOT PA LTV BUS 

Petrol Petrol Diesel Petrol Diesel Diesel 

CO 22,78863 335,0638 9,836814 186,60255 5,258814 48,89304 608,444 0.169012 

NOx 1,459074 17,8578 85,10502 4,766679 11,45154 171,58344 292,224 0.081173 

N2O 0,015042 0,368202 1,10526 1,034628 0,100062 0,018312 2,64151 0.073375 

PM2,5-10-

TSM 
0,0263235 0,202511 4,3215666 0,0406461 0,8705394 3,790584 9,25217 

0.257005 

NH3 0,0142899 6,296254 4,3215666 1,1159202 0,0133416 0,0531048 11,8145 0.032818 

NMVOC  3,497265 21,90802 2,21052 6,983739 1,045092 7,489608 43,1342 0.119817 

 

 

Table 4: Emission in  Pilota Mihajla Petroviĺa Street, approach  1 

Street 

Pollutant 

Pilota Mihajla Petroviĺa, approach 1. 
ɫ 

g/h 

Ɇ 

g/s MOT PA LTV BUS 

Petrol Petrol Diesel Petrol Diesel Diesel 

CO 13,9077 213,2676 6,2478 118,6245 3,32046 30,9987 386,367 0.107324 

NOx 0,89046 11,36646 54,054 3,03021 7,2306 108,7857 185,357 0.051488 

N2O 0,00918 0,23436 0,702 0,65772 0,06318 0,01161 1,67805 0.046613 

PM2,5-10-

TSM 
0,016065 0,128898 2,74482 0,025839 0,549666 2,40327 5,86856 

0.163016 

NH3 0,008721 4,007556 2,74482 0,709398 0,008424 0,033669 7,51259 0.208683 

NMVOC  2,13435 13,94442 1,404 4,43961 0,65988 4,74849 27,3308 0.075919 

       

 

Table  5: Emission in  Patrijarha Joakima Street 

Street 

Pollutant 

Patrijarha Joakima  
Ɇ 

g/h 

Ɇ 

g/s MOT PA LTV BUS 

Petrol Petrol Diesel Petrol Diesel Diesel 

CO 13,1502 199,0498 5,832526 110,68085 3,07923 28,9695 360,762 0.100212 

NOx 0,84196 10,6087 50,46118 2,827293 6,7053 101,6645 173,109 0.048086 

N2O 0,00868 0,218736 0,65534 0,613676 0,05859 0,01085 1,56587 0.043496 

PM2,5-

10-TSM 
0,01519 0,120305 2,5623794 0,0241087 0,509733 2,24595 5,47767 

0.152158 

NH3 0,008246 3,740386 2,5623794 0,6618934 0,007812 0,031465 7,01218 0.194783 

NMVOC  2,0181 13,01479 1,31068 4,142313 0,61194 4,43765 25,5355 0.070932 
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Table  6: Emission in  Kneza Viġeslava Street 

Street 

Pollutant 

Kneza Viġeslava 
Ɇ 

g/h 

Ɇ 

g/s MOT PA LTV BUS 

Petrol Petrol Diesel Petrol Diesel Diesel 

CO 27,80631 416,7582 12,2124 231,71 6,407731 60,67308 755,577 0.209883 

NOx 1,780338 22,2118 105,657 5,919 13,95341 212,9238 362,446 0.100679 

N2O 0,0184 0,4579 1,3721 1,284 0,121923 0,022724 3,27794 0.091054 

PM2,5-

10-TSM 
0,03212 0,2518 5,36522 0,0504 1,0607301 4,70386 11,4643 

0.031845 

NH3 0,0174363 7,831 5,36522 1,3857 0,0162564 0,06589 14,6819 0.040783 

NMVOC  4,267305 27,249 2,744 8,6722 1,273418 9,2941 53,501 0.014861 

 

Missions obtained point out that diesel engines emit less CO, VOC and NOx, but more particulate 

matter Maximum NOx emissions are realized with buses because of the greater engine power 

engagement. High values of CO, especially with diesel drives, indicate that the existing vehicles don'tv 

have catalyzers which remove CO i N0x from exhaust gases. Pollutants' emissions are greater for 

buses because they function in the move/stop regime.Even if the moving speed was steady, PA moved 

a bit faster which caused the greater CO values. Maximum emission appears with sudden and great 

accelerations. 

 

ADMS ROAD AS TOOLS FOR STREET VEHICLES EMISSION SIMULATION  

 

ADMS ROAD is a software used for numeric modelling of pollution spread  from road traffic and 

industrial sources, with combining these two sources. ADMS ROAD  enables the bringing in of many 

parameters , including over 7 000 roads and industrial sources through three items and 25 different 

parameters. This software was widely accepted,  regarding the managing of the air quality and 

projecting and evaluating complex situations in cities, on highways and in industrial areas. The data 

about the project which is actual , ie the title of the research, are entered into the  starting window of 

the software, and we chose the model to be used, figure 3. 

 

 
 

Figure 3.  Setup ï start software 

 

In most cases, it is the ``Dry deposition ``option . In the next window we enter the pollution sources, 

and in this case they are the streets from figure 2, their names and dimensions (street height and 

width). In this window we can also enter the dot plots, the industrial pollution if we have the data 
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about their pollution emissions. Further on, the data about the streetsô characteristics, figure 4, and 

emissions, pollutions on the streets, the two- way flows were entered, figure 5. 

 

 
Figure 4. Pollution sources ï streets and their 

dimensions 
Figure 5. Values of pollutants 

 

The ADMS ROAD software has the possibility of automatically generating the emissions' value, 

depending on the type of vehicles (light or heavy), number of vehicles in the streets during an hour's 

period as well as on the average vehicle speed in the street. Here we meet a restriction regarding the 

division  of vehicles only by size and type,  to light and heavy ones , which is different from the valid 

classification. The possibility of entering the emissions' values and individual pollutants the values of 

which are calculated and shown in tables 3,4,5 and 6 was used.  

 

   
Figure 6. The windowïmeteorological data   Figure 7. The display of  meteorological data 

 

The next window is used for entering meteorological data, figure 6, and then the window in figure 7. 

In this paper, meteorological data for August 19, 20 and 21, 2014, were taken into account. The data 

were received from the Hydrometeorological Institute site, from its station at Koġutnjak, very close to 

the streets which are the subject of research, table 7.  
 

Table 7: Meteorological data in the research period 
 

Date Wind 

speed 

Wind 

direction 

Day of 

the year 

Cloudine

ss 

Temperature Relative 

humidity 

19.08.2014 2 180 231 0 29 36 

20.08.2014 1 135 232 4 29 38 

21.08.2014 4 295 233 6 25 57 
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It is interesting that in the software we do not enter the full date, as in 21.08.2014, but the ordinal day 

of the year. In this case, August 19 is the 231
st
 day of the year. 

 

In the software there is a possibility of entering the initial state,  the environment pollution. It is a very 

important element of research because it is logical that there already is a certain pollution in the 

environment and, if we have those data, we will also have the more credible and more accurate 

simulations. In some cases, these data are very hard to get, considering that there are parts of Serbia 

which are not covered by automatic stations for monitoring the air ambient quality. In the case when 

we donôt have the initial data, it is recommended that these data should be measured on the spot, if the 

laboratories performing the researches and creating the simulations have the appropriate equipment. In 

our case, considering that the urban part of Belgrade is being analyzed, the data from the automatic 

station of a state Agency for Environment Protection SEPA were used. The automatic station is 

located in Novi Beograd . the data about the air quality are given in Table 8.  

 

Table  8. Values of air quality for August  18, 2014 ï Automatic  station   - Novi Beograd 
 

CO NOx NO2 O3 PM10 PM 2,5 Benzen 

0.2 mg/m3 30,02 

Õg/m
3
 

22.9 Õg/m3 60.05 

Õg/m
3
 

12 Õg/m
3
 6.9 Õg/m

3
 1 Õg/m

3
 

 

The medium daily values of polluting components for the previous day, August 18,2014, are shown. 

Entering the data about the air quality was performed as shown in the window in figure 8. 

 

 
 

                                                 Figure 8. Environment air quality data 

 

SIMULATION AND ANALYSIS OF THE RESULTS OBTAINED  

 

After the emissions' distribution evaluation, they were shown in several different spatial forms, 

including various dimensions (polygons, lines and dotted sources) and each of them was determined 

by the space characteristics of the original data. The aim of emissions' modelling is the development of 

emission maps and models which enable us to characterize the particular   space emissions. 
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Figure 9. Value of CO for August 19, 2014 

 

 
Figure 10. Value of CO for August 20, 2014 

 
Figure 11. Value of CO for August 21, 2014 

 

As you can see in figures 9, 10 and 11, the CO concentration for the area analyzed was from 0,2 mg/ 

m
3
 - 0,31 mg/ m

3 
.
  
For the first day analyzed, August 19, the greatest concentration was recorded at the 

intersection itself and it was 0,28 mg/m
3 
.On that day, the most burdened was the Kneza Viġeslava 

Street, and that was conditioned by the terrain configuration and meteorological conditions (on that 

day the south wind was dominant, speed 2 m/s.). In the other streets, the concentration was from 0.20 - 

0.23 mg/m
3
.
 
Itôs interesting to notice that the CO concentration , conditioned by a strong north-west 

wind, caused the smaller concentration of carbon-monoxide in the area analyzed, but that pollution 

spread to a wider area of residential units in Kneza Viġeslava and Pilota Mihajla Petroviĺa streets.  
 

The greatest CO concentration was predicted for August 20, when the wind speed was the - it was 

1m/s and , for that day, the CO concentration was maximal 0.31 mg /m
3  

at
  
three spots in Kneza 

Viġeslava Street,  which can be seen in figure 10. 
 

 
Figure 12. Value of NO2  for August 19, 2014 

 
Figure  13. Value of  NO2  for August  20, 2014 
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Figure 14. Value of  NO2  for August  21, 2014 

 

The NO2  concentrations for the analyzed streets were from 24 ï 70 Õg/m
3  

.
 
The greatest concentration 

of 70Õg/m
3 

was predicted for August 20, 2014, when meteorological conditions were such that the 

wind speed was 1m/s and the pollution stayed on the streets. As in the previous analyses, the most 

polluted was Kneza Viġeslava Street, and the concentration in this street was from 55-65Õg/m
3 
,
 
and in 

the middle of the analyzed street, the concentration reached its maximum of 70 Õg/m
3
.  

 

In Pilota Mihajla Petrovica 2 and  Patrijarha Joakinia streets , the NO2   concentration was from 25-45 

Õg/m
3
. The pollutant specificity caused broader pollution and pollution spread in Kneza Viġeslava and  

Pilota Mihajla Petrovica streets, which can be seen in figures 12, 13 and 14. The greatest  pollutant 

spread of NO2 is shown in figure 14, when meteorological parameters were such that the wind speed 

was the highest for the analyzed period , 4m/s. For this day it is normal that the concentration of 

pollutants is somewhat smaller in all the streets, but the greatest concentration was recorded  at the 

intersection.  

 
Figure 15. Value of NOx  for August 19, 2014 

 
Figure 16. Value of  NOx  for August  20, 2014 

 

 
Figure 17. Value of  NOx for August 21, 2014 
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The concentration of NOx in the analyzed area was from  32-85 Õg/m
3
,
 
depending on the day and the 

meteorological conditions predicted for that day. The highest concentration was predicted for August 

20, when the wind speed is the lowest and the pollution level predicted for the streetsô intersection and 

in Kneza Viġeslava Street  85 Õg/m
3  .

 In other streets, the NOx concentration was form 40-55Õg/m
3
. 

 

 
Figure  18. Value of  PM10  for August 19, 

2014
 

 
Figure  19. Value of  PM10 for August  20, 

2014
 

 
Figure 20. Value of t PM10 for August 21, 2014

 

PM10 represents an important factor of the environment quality, and traffic is one of the greatest 

generators of this pollutant. The PM10 concentration for the analyzed streets was from 20-135 Õg/m
3
.
 

The terrain configuration and meteorological conditions caused the concentration of this pollutant in 

Kneza Viġeslava Street to be under 28 Õg/m
3 
or so low that it couldnôt be registered, as shown in 

figure 20, and this street was most burdened  by pollutants until now.  

 
Figure  20. Value of  VOC for August 19, 2014

 
 

Figure 21. Value of  VOC for August 20, 2014 
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Figure  21. Value of  VOC for August  21, 2014

 

 

The highest concentrations are predicted for Pilota Mihajla Petrovica Street, for August 20, when the 

wind speed is the lowest, and other meteorological conditions, temperature and humidity, of similar 

values as in the other days analyzed.  The highest concentration of 135 Õg/m
3 

 is predicted at the 

streetsô intersection. 

 

The VOC concentration  was from 5-60 Õg/m
3 
. The highest concentration is predicted for August 20, 

2014, at the intersection itself, and it is 60 Õg/m
3
. As in the case of PM10, the concentration of this 

pollutant in Kneza Viġeslava Street is very low, almost immeasurable( except for the first day, August 

19, 2014, when the concentration was 5 Õg/m
3
  is predicted). 

  

The simulation showed that Pilota Mihajla Petroviĺa Street 1 and 2 is most burdened by this pollutant 

and that concentrations are gathered in concentric circles at certain places, both in that street and in 

Patrijarha Joakima Street. The EMEP (European Monitoring and Evaluation Software) network can be 

used jointly, and it covers an area in the resolution of 0,1
o
 Ā 0,1

o 
geographical latitude-longitude of the 

VGS84 coordinate system. The domain covers a geographical area between 30 Á N-82 Á of northern 

geographical latitude and 30 Á E-90 Á of eastern geographical longitude. Other networks, based on the 

national coordinates, can also be used. There is a special methodology for converting different types of 

emissions into a common network. The data bases (INSPIRE, CORINE, ESA Glob Cover, ESRI, 

UROPEAID etc.) can also be used.  

 

Beside ADMS ROAD software, a number of other models and software for emission evaluation in 

road transport have recently been developed (COPERT, CAL Roads View, MOBILE, EMFAC, 

PHEM etc) which basically contain models for evaluation by some of previously listed three levels of 

complexity. The huge importance of emissionsô measuring in driving should be combined with 

emissions of other sources on the location chosen, uniting them into a unique format , which would 

help forming the complete emission maps for the complete pollution evaluation.
 

  
 

CONCLUSION 

 

Requests for the environment preservation, improvement and stimulation of all kinds of çpure 

technologiesè in traffic represent the basis of the state policy. The guidelines for such development 

were established on the EU transport system level ( ECMT Council, Prague , 2000). They are based on 

reduction of effects harmful for the environment. With road vehicles, the zero emission vehicle has 

appeared for years as the  final goal, although it is known that there is no human product which has no 

influence on its environment since the man himself produces about 4 t CO2/year. The new target 

emissions for vehicles NZEV ï Near ZEV, ie close to the minimum and EZEV- equivalent to a 

minimum emission have been introduced recently.  
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High level of transport emission can be reduced in different ways, from: improving the technical 

characteristics of vehicles by types, developing sustainable fuels with carbon content reduction, 

development of propulsion systems, reducing the speed of vehicles, minimizing the empty drives etc. 

Different ways of managing the light signals in the intersections also have an important influence on 

the traffic flow emissions. Coordinated work of light signals in the street corridors influence the 

reduction of aero-pollutants' emissions. By introducing the work coordination of light signals of the 

çgreen waveè type, we get the reduction of   CO2 and  NOx emissions for 10%. Average emissions of 

CO and Nox in speeding regimes, the increase of r.m.p (o/min) and engine breaking are 

increasing.The greatest  average emission at small speeds (to 30 km/h) appears when we slow down. 

At speeds over 30km/h, the average emissions when speeding are higher then the ones when slowing 

down.  

 

In the next period we should work on forming a universal  data base of good quality about the 

emissions which should develop into a set of emission models , as precise as possible, which would be 

used for describing the emission characteristics of vehicles and space. These   would  later be used for 

ecological evaluation in the process of planning traffic solutions and for decision making from an 

ecological aspect about the impact on the environment. 
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ABSTRACT 

 

One of the major concerns in urban areas is the environmental quality in terms of air quality. Due to the trafic 

and industrial growth the environmental quality in cities has been decreasing rapidly. In order to predict air 

quality are widely used.  The paper desribes and demonstrates the influence of meteorological condition changes 

on air pollutants dissipation based on the calculations conducted using software ADMS 5. Applications are run 

for one point emitter in the City of Zrenjanin for various meteorological data. The paper focuses on the 

description and demonstration of how meteorological data change air pollutantôs dispersion plum with the same 

emission factors. The dispersions of NOx and PM10 have been observed. The numerical simulations applied on 

the air pollution dispersion problem have become a standard tool for creating strategies and perspectives of 

environmental quality in Urban Areas. The case study was conducted for the single point emission source from 

èTeTo Zrenjaninç from the city of Zrenjanin for two days with different meteorological conditions. Beside that 

the software/model itself was introduced as well as  meteorological conditions.  

 

Key words: meteorology ,air pollutants, dispersion. 

 

 

INTRODUCTION  

 

Air pollution dispersion modeling is one of the methods for the ambient air quality assessment. 

Mathematical models are widely used tools for predicting air pollution and accurately assessing the 

spatial distribution of air pollutants in the city (Dǟdelǟ, A., Miġkinytǟ, A., 2014). For any model, an 

important feature of its use is access to reliable input data (Arciszewska, C., and McClatchey, J., 2001) 

regarding the emission and meteorological data. However, the degree of sophistication within the 

model will determine the extent of the input requirements. This paper treats problem of the dispersion 

of air pollutants using the software ADMS5 with respect of the meteorological and emission data from 

the single point emission source from èTeTo Zrenjaninç from the city of Zrenjanin. The study aim is 

to determine the dispersion of nitrogen oxides (NOx) and particulate matter (PM10) under various 

meteorological conditions at ground level with constant emission factors.  

 

The important meteorological parameters that influence air pollution can are classified into primary 

and secondary parameters (Rao, M., 2007). Primary parameters are: wind direction and speed, 

temperature, atmospheric stability, mixing height. While, secondary parameters are: precipitation, 

humidity, solar radiation, visibility. These parameters vary widely as a function of latitude. Season and 

topography (Rao, M., 2007). 

 

  



IV International Conference ĂECOLOGY OF URBAN AREAS 2014ñ, 9-10th October 2014, Zrenjanin, Serbia 

 

 107 

RELEVANT METEOROLOGICAL PARAMETERS  

 

The minimum data requirements to run ADMS 5 model are: wind speed, wind direction, and one of 

either Julian day number, time of the day and cloud cover or sensible surface heat flux, or reciprocal 

Monin-Obukhov length. Because of that we will focus further on their influence on dispersion (CERC, 

2012). 

 

The direction and speed of surface winds define the drift and diffusion of  air pollutants discharged 

near the ground level. The higher the wind speed at or near the point of discharge of pollution, the 

more rapidly air pollutants are carried away from the source. It causes dilution of air pollutants with 

greater and greater volumes of air. Opposite of that is when wind speeds are low, pollutants tend to be 

concentrated near the area of discharge and the longer the periods of such light winds, the greater will 

be the concentration of pollutants. Other things being equal, the concentration downwind from a 

source will be inversely proportional to wind speed. In rough terrain, it cannot be assumed that the 

wind direction and speed near the source govern the subsequent motion of the contaminants. Hills may 

deflect the air flow either horizontally, vertically, or both, the amount of deflection depending on the 

vertical stability of the atmosphere. Yet in the area of Banat hills are scarce. In valleys, the winds 

carrying a pollutant tend to flow either up or down the valley, following its meanderings. The deeper 

the valley, the more pronounced is this channeling effect (Rao, M., 2007). 

 

It is important to provide a dependable scaling factor in the surface layer of the atmosphere which is 

dominated by turbulent forces and is characterized by large gradients in meteorological parameters. 

The stability index provided by Reynolds is essentially a ratio between viscous and kinetic forces and 

is not taking into consideration thermal forces. Richardsonôs number is the ratio of thermal and 

kinematic forces which over comes the defect of Reynoldsôs number, but is not still a know function 

with height and not dependable with weak gradients also when either thermal or kinematic forces are 

dominant. The Monin and Obukhov developed the similarity theory and developed the stability 

parameter (Murty, V) now recognized by boundary layer meteorologists as appropriate for the surface 

layer which is the Monin-Obukhov length scale (Murty, V., 1998). 

 

ADMS5 Dispersion Software 

 

When creating a dispersion model three types of data are needed: emission data, meteorological data 

and desired output data. There is a minimum of data amounts that are needed to run the software 

ADMS 5 (Atmospheric Dispersion Modeling System). These data have to define: general site details 

and desired modeling options; information about source of pollutantôs emission; meteorological 

conditions in the modeling area; background pollution data; grid and required output. The later data 

are introduced through six menus of the software, namely Setup, Source, Meteorology, Background, 

Grids and Output (CERC, 2012).  

 

CALCULATION MODEL  

 

The simulation has been conducted over the area of the City of Zrenjanin, with one emission point 

source from the ĂTETO Zrenjaninñ for two days of June 2014. 

 

METEOROLOGICAL DATA IN THE SIMULATION AREA  

 

The observed simulation area is the City of  Zrenjanin, where the dispersion of pollutants from ĂTETO 

Zrenjaninñ has been analyzed. In order to observe the influence of meteorological conditions on the 

dispersion of air pollutants two simulations are implemented with the same emission factors. The first 

simulation is conducted for the clear day with no percipation, which is the 22nd of June 2014, while 

the second simulation is conducted for the cloudy rainy day. Wind roses for the later days are shown 

in Figure 1a) and 1b) respectively which have been generated using software ADMS 5. 
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Figure 1. a) wind rose for 22.06.2014; b) wind rose for 24.06.2014. 

 

Table 1 contains meteorological data for the 22
nd

 of June 2014. (***) where can be observed that: 

 Wind speed varies from 0.8 m/s to 2.7 m/s; 

 Predominant wind directions are E and N (Figure 2a); 

 Cloudiness is 0 octa; 

 Temperature varies from 12 C to 27 C; 

 Percipation is zero; 

 Relative humidity varies from 33 % to 79 %.  

 

Table 1: Meteorological data for the 22
nd 

of June 2014. (***) 
 

Hour 
Wind 

speed, m/s 

Wind 

dir.,  

Cloudiness, 

octa 

Temperature, 

C 

Precipation, 

mm 

Rel. 

hum., % 

1 1.7 101.3 0 14 0 68 

2 1.5 99 0 13 0 70 

3 1.4 90 0 13 0 73 

4 1.3 90 0 12 0 76 

5 1.1 81 0 14 0 79 

6 0.8 78.5 0 16 0 67 

7 0.8 67.5 0 19 0 57 

8 1 67.5 0 22 0 51 

9 1.5 71 0 23 0 42 

10 1.6 90 0 24 0 38 

11 1.6 90 0 25 0 36 

12 1.6 90 0 26 0 35 

13 1.8 90 0 27 0 34 

14 1.7 88 0 27 0 33 

15 1.4 71 0 27 0 33 

16 1.4 67.5 0 27 0 33 

17 1.4 45.5 0 27 0 34 

18 1.7 22 0 26 0 39 

19 2 350 0 23 0 58 
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20 2.4 350 0 22 0 55 

21 2.5 350 0 20 0 58 

22 2.6 350 0 19 0 62 

23 2.7 350 0 18 0 65 

24 2.6 350 0 18 0 68 

 

Table 2 contains meteorological data for the 24
th
 of June 2014. (***) where can be observed that: 

 Wind speed varies from 0.8 m/s to 3.8  m/s; 

 Predominant wind direction is SE (Figure 2b); 

 Cloudiness varies from 0 to 8 octa; 

 Temperature varies from 18 C to 28 C; 

 Percipation varies from 0 mm/h to 1.03 mm/h; 

 Relative humidity varies from 37 % to 91 %.  

 

Table 2: Meteorological data for the 24
th
 of June 2014. (***) 

 

Hour 

Wind 

speed, 

m/s 

Wind 

dir.,  

Cloudiness, 

octa 

Temperature, 

C 

Precipation, 

mm 

Rel. 

hum., 

% 

1 0.8 192 8 22 0.89 91 

2 0.8 192 8 21 1.03 91 

3 0.9 11 8 21 0.83 90 

4 1.3 22.5 8 21 0.88 89 

5 1.6 45 8 21 0.94 89 

6 2.3 81 8 22 1.01 85 

7 3.2 100 8 22 1.01 84 

8 3.5 100 8 21 1.03 85 

9 3.4 95 8 21 0.64 84 

10 3.6 90 8 22 0.18 80 

11 3.7 93 6 24 0.06 72 

12 3.6 130 6 26 0.06 58 

13 3.7 135 6 27 0.13 48 

14 3.7 140 6 28 0.11 41 

15 3.8 140 4 28 0.1 37 

16 4 140 0 28 0 34 

17 4 140 0 28 0 34 

18 3.5 140 0 26 0 41 

19 2.9 140 0 23 0 59 

20 2.7 140 0 21 0 58 

21 2.6 140 0 20 0 61 

22 2.5 140 4 19 0 63 

23 2.5 160 6 19 0 65 

24 2.5 176 6 18 0 65 
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SIMULATION SETUP  

 

This paper covers two simulations that are implemented over the City of Zrenjanin for various 

meteorological conditions, shown in Table 1 and Table 2.  

 

The first simulation is conducted for the dispersion of air pollutants from the ĂTETO Zrenjaninñ over 

the area of the City of Zrenjanin with special respect to Bega river. Model setup is done according the 

next data: 

1. Model options / dry deposition, because the simulation period is without precipitation; 

2. Emission source data are given in Table 3; 
 

Table 3: Emission source data 
 

Type Height, m 
Diameter, 

m 

Velocity, 

m/s 

Volume 

flux, 

m
3
/s 

Temp., C 
Position 

x, m 

Position 

y, m 

Point 160 5,5 1.89 44,903 117,7 0 0 

*data acquired from ĂTETO Zrenjaninñ 

3. Emission factors are given in Table 4; 
 

Table 4: Emission factors 
 

NOx, g/s 39,7820 

PM10, g/s 0,0130 

*data acquired from ĂTETO Zrenjaninñ 

4. Meteorological data: 

- Latitude: 45; 

- Surface roughness: 1 m, according the ADMS 5 for urban areas; 

- Meteorological data imported as .met file based on the Table 1; 

5. Background: no data; 

6. Grid, 40000x40000x200m, number of points 80x80x5; 

7. Output NOx and PM10 short term calculations. 

 

The second simulation is conducted for the dispersion of air pollutants from the ĂTETO Zrenjaninñ 

over the area of the City of Zrenjanin with special respect to Bega river for diferent meteorological 

conditions (precipitation and cloudiness included, as well as diferent wind direction). Model setup is 

done according the next data: 

1. Model options / dry deposition, because the simulation period is without precipitation; 

2. Emission source data are given in Table 3; 

3. Emission factors are given in Table 4; 

4. Meteorological data: 

- Latitude: 45; 

- Surface roughness: 1 m, according the ADMS 5 for urban areas; 

- Meteorological data imported as .met file based on the Table 2; 

5. Background: no data; 

6. Grid, 40000x40000x200m, number of points 80x80x5; 

7. Output NOx and PM10 short term calculations. 

 

SIMULATION RESULTS  

 

Simulations are implemented on the hardware equipment Lenovo Lenovo Think Station E32 and 

installed ADMS 5 software, where the hourly values of NOx and PM10 are calculated. Figures 2, 3, 4 

and 5 present characteristic simulation results.  
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Figure 2. NOx ground level dispersion in the 6

th
 hour of the 22

nd
 June 2014 

 

 
Figure 3. PM10 ground level dispersion in the 6

th
 hour of the 22

nd
 June 2014 
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Figure 4. NOx ground level dispersion in the 6

th
 hour of the 24

th
 June 2014 

 

 
Figure 5. PM10 ground level dispersion in the 6

th
 hour of the 24

th
 June 2014 

 

Based on the simulation results we have created the table of average hourly values of NOx and PM10 

pollutants above Bega river in the city of Zrenjanin that originate from ĂTETO Zrenjaninñ emission. 

These data are shown in Table 5.  
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Table 5: Average hourly values of pollutants on 22
nd

 and 24
th
 of June 2014 above Bega river 

 

Hour 

22.06. 

NOx 

Õg/m
3
 

PM10 

Õg/m
3
 

Hour 

24.06. 

NOx 

Õg/m
3
 

PM10 

Õg/m
3
 

1 0.02 0.000006 1 0 0 

2 0.015 0.000006 2 0 0 

3 0.01 0.000004 3 0.004 0.000002 

4 0.01 0.000003 4 0.4 0.00012 

5 0.006 0.0000015 5 1.8 0.00053 

6 4 0.001 6 2 0.0006 

7 4 0.001 7 1.5 0.0005 

8 2 0.0015 8 1 0.0006 

9 2 0.001 9 1 0.0004 

10 2 0.0005 10 1.5 0.0005 

11 2 0.0005 11 1 0.0004 

12 2 0.0005 12 0.5 0 

13 2 0.0005 13 0 0.0001 

14 2 0.0005 14 0 0 

15 2 0.0005 15 0 0 

16 2 0.0005 16 0 0 

17 2 0.0005 17 0 0 

18 1 0.0004 18 0 0 

19 0 0 19 0 0 

20 0 0 20 0 0 

21 0 0 21 0 0 

22 0 0 22 0 0 

23 0 0 23 0 0 

24 0 0 24 0 0 

 

After the data comparison from Table 5 it is obvious that changes in meteorological conditions are 

connected with air pollution dispersion in the next manner: the better meteorological conditions are, 

the pollutantôs dispersion is higher. This can be observed in all hours except in the 5
th
 hour, which can 

be explained with specific meteorological data observed in Table 1 and Table 2. 

 

CONCLUSION 

 

Results of the simulations presented in the paper show that it is possible to make easy comparison of 

the simulation results when changing only meteorological data using software ADMS 5. Figures 2, 3, 

4 and 5 show the simulation results and dispersion of air pollutants over the City of Zrenjanin from a 

single emission source. Based on the analysis of average hourly simulation results data form Table 5 

are obtained where comparison of concentrations under diferent weather conditions is possible. The 

conducted simulation under difference meteorological conditions shows that calm weather increases 

the intensity of dispersion in comparison to the cloudy and rainy weather conditions, which is in 

accordance to the expected results and literature recommendations.  
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ABSTRACT 

 

Mobile sources of pollution are motor vehicles, whose number increases on a daily basis, which causes them to 

become the ever-growing air pollutants inside and outside of urban areas, throughout the year. According to 

data from the IPCC (Intergovernmental Panel on Climate Change), the share of traffic in emissions of 

greenhouse gases compared to other potential pollutants is 13%. By combustion of petrol and other petroleum 

products in motor vehicles, the air at low altitudes receives numerous dangerous components of air pollution 

(soot, nitrogen oxides, sulfur oxides, carbon monoxide, organic peroxides, lead, cadmium, etc.). It is believed 

that the exhaust gases from motor vehicles are the main contributor to air pollution, especially in larger cities. 

In Serbia, due to poor quality of fuel, there is a high concentration of sulfur and lead in the air, which is an 

especially serious health problem. The illustrated example shows an estimated concentration of pollution in 

urban areas for various types of vehicles and fuels used. 

 

Key words: mobile sources, air pollution, traffic. 

 

 

INTRODUCTION  

 

During the last decade, owing to the development of road transport and aviation, air pollution that 

comes from mobile sources has increased sharply. It is estimated that in urban areas (depending on the 

economic development and the number of mobile sources) the share of air pollution originating from 

mobile sources ranges from 30% to 70%. In the United States, the share of air pollution originating 

from mobile sources is 40% of the total air pollution. 

 

Car transport is the most frequent form of road transport. The number of cars in the world is constantly 

growing. Thus, for example, the number of cars in the world in 1900 was 11 thousand, in 1950 - 54 

million, in 1970 - 181 million, in 1982 - 330 million. Today, it is estimated that there are about a 

billion cars worldwide. 

 

Unfortunately, car transport is one of the main sources of air pollution (especially in big cities) and has 

a negative impact on the health of the population. Virtually all modern cars have internal combustion 

engines. Each of them (if functional) emits into the atmosphere around 3 kg of hazardous substances 

daily. It was observed that the exhaust gases of motor vehicles contain around 200 different 

substances. The most common are: lead, nitrogen oxides, sulfur, carbon, carbon monoxide, 

hydrocarbons, soot, benzo[a]pyrene, etc. (Zhdanov, 2012). 

 

The degree of the combustion and the composition of the exhaust gases emitted depend on the type 

and features of the engine. The majority of cars have engines running on petrol, although in recent 

years there are more and more cars with diesel engines. Petrol is a mixture of liquid hydrocarbons-

pentanes, hexanes, heptanes, octanes, nonanes, decanes. During the combustion of such fuel, many 

harmful substances are emitted, as a result of varying combustion conditions and the presence of 

various impurities which remain after the processing of fuel and additives (tetra methyl and tetraethyl 

lead), which are added as an anti-knock agents and substances which increase the octane rating of fuel. 
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There is a lot of soot and dust in the exhaust fumes from diesel engines, but there are no lead 

compounds and toxic carbon oxides, since diesel fuel practically burns completely. The amount of 

hydrocarbons (which do not burn or do not burn completely) increases significantly in the exhaust 

gases when the engine is running at low rpm, or at times when speed is increased when starting the 

vehicle (e.g. at traffic lights). In these situations, the number of unburned particles increases tenfold 

compared to the normal mode of engine operation. Ecological circumstances in our country are 

negatively affected owing to a large number of cars whose lifetime in most cases is over 10 years. 

(Statistical Yearbook, 2012) 

 

METHODS FOR ASSESSING AIR POLLUTION BY MOBILE SOURCES  

 

Assessment of the distribution of air pollution from mobile sources is a very complicated task. The 

process of fuel combustion, pollutant emissions and their diffusion in the atmosphere around the 

source is an extremely complex task and to this day has not been sufficiently studied. Vehicles in 

traffic are viewed as linear mobile sources or surface sources when a line of vehicles is observed. 

These sources are non-stationary and non-homogeneous operating in complex urban conditions. 

Application of accurate methods for the calculation of air pollution emissions based on differential 

equations of hydro-thermodynamics is quite problematic. For this reason, there are a relatively 

small number of methods and models that can deal with this problem (Berlyand, 1975).  

 

In the environmental calculations of air pollution from mobile sources, simplified models based on 

experimental data and empirical relationships are frequently applied. It is clear that these methods do 

not have a universal character and that they have a limited scope of application. As a rule, the authors 

of the various proposed models, regardless of the great potential of information technology in terms of 

possibility of applications of numerical methods, create simple methods, which often disregard the 

essence of the analysed process. 

 

One of the first models proposed for assessing the amount of air pollution requires information on the 

amount of pollutants emitted per unit of distance travelled by each vehicle in the monitored area. 

Knowing the total traffic of the monitored area the mass of pollutants emitted into the atmosphere can 

be calculated. The amount of emitted substances is adjusted depending on the technical validity and 

time of the vehicle exploitation. This model is important because it allows one to move from a 

qualitative assessment of air pollution to the quantitative assessment of pollutants emitted for an 

arbitrary period of time (month, quarter, year). A drawback of the model is that the distance covered 

by a vehicle is estimated by using statistical data obtained from companies in transport business. As 

there is no information about the distance covered by vehicles for personal use, it is estimated based 

on the amount of fuel purchased at petrol stations. Apart from these shortcomings, these methods do 

not take into account the hydro-meteorological conditions, the terrain of the region, the mode of 

vehicle movement, etc. 

 

Subsequent methods fixed shortcomings of the original model in terms of the analysis of air pollution 

emission by vehicles according to individual groups of vehicles (passenger cars, freight vehicles and 

buses). For some groups, their specific features were included. For passenger cars engine capacity was 

included, for freight vehicles their carrying capacity and for buses their size. Also, the mode of 

movement was included as a factor that contributes to the emission of harmful substances into the 

atmosphere. Subsequent models calculated the mass of emitted air pollution as the sum of the masses 

emitted during constant motion and masses emitted while vehicle is at a standstill. The mass of the 

emitted air pollution is calculated based on the distance travelled in constant motion and based on the 

time of the operation of vehicle at a standstill. In addition, the newer models calculated the mass of air 

pollution emitted according to the mode of transport in urban conditions (acceleration, braking, idling, 

delay at intersections). Improvement of this method is also the fact that the parameters required for the 

calculation of air pollution can be obtained directly and not from statistical estimates. The latest 

models allow you to individually assess the emissions of a wide range of harmful substances: carbon 

oxides, nitrogen, sulfur, hydrocarbons, soot, lead compounds, formaldehyde, benzo[a]pyrene. 
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AIR POLLUTION ASSESSMENT METHODICS  

 

A consequence of the increase in road traffic is the increase of anthropogenic effects on the 

surrounding environment, especially the atmosphere. Vehicle exhaust fumes are particularly 

dangerous because they are in the ground layer of the atmosphere where the wind speed is low and 

where such gases do not disperse easily. Apart from the pollution of the atmosphere as a result of 

vehicle traffic, there are high levels of noise, as well as land and waterways pollution. In the paper we 

are only interested in air pollution that comes from cars in road traffic (since it is the highest), not 

including air pollution originating from aircraft and vessels.  

 

Assessment of air pollution will be done by computation on an illustrative example. 

 

We will observe a city street without any slopes or rises, 2 km long, with an intersection where traffic 

is regulated by traffic lights. Vehicles involved in traffic are divided into eight classes: 

I Domestic cars 

II  Foreign cars 

III  Vans and minibuses 

IV  Buses with engines running on petrol 

V Buses with engines running on diesel 

VI  Freight vehicles with engines running on petrol 

VII  Freight vehicles with engines running on diesel up to 12 tons 

VIII  Freight vehicles with engines running on diesel over 12 tons 

 

The calculation of the assessment of emissions is carried out for the following materials: carbon 

monoxide, nitrogen oxides, hydrocarbons, particulate matter, sulfur dioxide, formaldehyde and 

benzo[a]pyrene. 

Emissions of the i-th substance in g/s during the transport of road vehicles along the road with the 

length L (km) is determined by the formula (Molodtcov, 2014) 
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where: 

,

P

k iM (g/km) is the emitted mass of the i-th substance of the vehicle of the k-th group of vehicles, 

which is determined from the Table 1.  

k-number of the vehicle classes 

kG (1/hour)-number of cars of the k-th class which go through which pass through an imaginary cross-

sectional times per unit of time in both directions 

,k ivk - correction coefficient which includes an average speed of vehicle kv (km/hour) and which is 

determined from the Table 2. 

 

Table 1: 
 

Class Emission (g/km) 

CO NOx CH PM SO2 Formaldeh. Benzo[a]py. 

I 5,0 1,3 1,1 0,03 0,03 0,005 0,4 10
-6 

II  2,0 0,7 0,4 0,02 0,03 0,002 0,2 10
-6 

III  12,0 2,0 2,5 0,08 0,06 0,011 0,8 10
-6 

IV 35,0 5,2 8,5 - 0,04 0,04 1,2 10
-6 

V 7,0 6,0 5,0 0,3 0,07 0,025 2,0 10
-6 

VI  60,0 5,2 10,0 - 0,05 0,05 4,0 10
-6 

VII  9,0 7,0 5,5 0,4 0,10 0,025 2,0 10
-6 

VIII  12,0 8,0 6,5 0,5 0,12 0,03 2,4 10
-6 

 

  



IV International Conference ĂECOLOGY OF URBAN AREAS 2014ñ, 9-10th October 2014, Zrenjanin, Serbia 

 

 118 

Table 2: 
 

 Speed kv (km/hour) 

 10 15 20 25 30 35 40 45 50 60 75 80 100 

,k ivk  1,35 1,28 1,2 1,1 1,0 0,88 0,75 0,63 0,5 0,3 0,45 0,5 0,65 

 

The intensity of traffic is determined from Table 3. 

 

Table 3: 
Street The number of cars according to the class Speed km/hour 

I II  III  IV V VI  VII  VIII  I,II,III  IV,V  VI,VII,VIII  

 171 88 67 12 - - 1 - 60 40 40 

 

Emission of harmful substances in the area of intersection regulated by traffic lights is determined by 

the formula (Molodtcov, 2014) 
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where: 

R (min)- duration of the red and yellow light at the traffic lights 

Nc - number of cycles at the traffic lights of the red and yellow lights during 20 minutes 

Nkl - number of vehicle classes 

,i kRM (g/min)- emitted quantity of the i-th harmful substance from the k-th class of vehicles which are 

at a standstill at the traffic lights
  

,k nG -number of vehicles of the k-th class which are at a standstill at the end of the n-th cycle at the 

traffic lights 

Values
,i kRM are determined from the Table 4 

Table 4: 
 

Class Emission (g/min) 

CO NOx CH PM SO2 Formaldeh. Benzo[a]py. 

I 0,8 0,02 0,12 0,02 0,006 0,0005 0,4 10
-6 

II  0,3 0,01 0,05 0,01 0,006 0,0003 0,2 10
-6 

III  2,0 0,04 0,25 0,04 0,012 0,0011 0,8 10
-6 

IV 4,0 0,08 0,9 - 0,009 0,4 1,2 10
-6 

V 1,1 0,11 0,6 0,2 0,015 0,0025 1,6 10
-6 

VI  10,0 0,12 1,2 - 0,009 0,005 4,0 10
-6 

VII  1,5 0,12 0,6 0,23 0,02 0,0025 2,0 10
-6 

VIII  12,0 8,0 6,5 0,5 0,12 0,03 2,5 10
-6 

 

Number of vehicles at a standstill at an intersection for a period of time of 20 minutes is given in Table 

5 

Table 5: 
 

intersection Time of 

standstill 

in min 

The number of vehicles according to the class 

I II  III  IV  V VI  VII  VIII  

 0,77 237 120 74 9 - 12 3 - 

By using formulae (1) and (2) and data from the Tables (1)-(6) we find the emitted quantity of harmful 

substances for our example. The results are given in the Table 7. 
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Table 6: 
 

 Emission (g/s) 

CO NOx CH PM SO2 Formaldeh. Benzo[a]py. 

Street 1,268 0,23753 0,2761 0,00617 0,0057 0,00126 0,082 10
-6 

Intersection 0,1739 0,00371 0,0025102 0,00312 0,00106 0,001254 1  10
-6 

 

To determine the level of concentration of harmful substances from the vehicle at low altitudes at 

different distances from the road the Gaussian model of distribution of impurities in the atmosphere is 

applied (Lazaridis, 2011) 

2 / 2 /
;

1000 sin 2 1000 sin 2

Li Ri
L R

M L M L
C C

u u
                                                    (3) 

where the -angle formed by an axis of the road with the observed point, u-wind speed in the 

observed moment and the standard deviation of the Gaussian distribution in the vertical direction 

(Table 7) (Sportisse, 2008) 

Table 7: 
 

 Emission (ɛg/m
3
) 

CO NOx CH PM SO2 Formaldeh. Benzo[a]py. 

Street 337,28 99,83 73,44 1,64 1,52 0,34 2,18 10
-5 

Intersection 46,26 0,98 0,67 0,83 0,28 0,33 2,66 10
-4 

 

For the chosen example, all values of the concentration of hazardous substances at a distance of 10 m 

next to the road are below the limit values. 

 

Table 8: 
 

Day and night Distance from the road (m) 

10 20 40 60 80 100 

Day Clear 2 4 6 8 12 16 

Overcast 1 2 4 6 8 10 

Night Clear 0,1 0,2 0,4 0,8 1 1,4 

Overcast 0,3 0,6 1 1,8 2,5 3,1 

 

In the case when it is day and it is overcast at a distance of 10 meters from the road in the direction 

perpendicular to the road, the concentration of harmful substances are given in Table 8. 

 

TOOLS FOR ASSESSMENT OF AIR POLLUTION BY MOBILE SOURCES  

 

To describe the interaction of vehicle-receptor (object at a distance from the source) in the conditions 

of urban transport a series of semi-empirical models based on a priori parameterization of transmission 

conditions and dispersion of impurities scattering has been developed. Such a widely exploited model 

is the California Line Source Dispersion Model (CALINE) and the Danish Operational Pollution 

Model (OSPM). CALINE model is based on a Gaussian model of the smoke column and enables 

estimation of the concentration of impurities in a radius of not more than 500 m from the road, on 

which the source is moving.  The classes of stability of the ground layer of the atmosphere are 

determined by the modified Pasquill-Gifford curves (Spotrisse, 2008). Ease of implementation of the 

given model and a small amount of input data have made this model very popular. However, the 

results of modelling are often seen only as a qualitative assessment, as the model does not take into 

account many factors that affect the dispersion of impurities: the characteristics of urban traffic, the 

relief of the terrain, components of the turbulent diffusion tensor, meteorological characteristics such 

as humidity, different speeds of wind, etc. (Lazaridis, 2011). 

 

OSPM model includes urban aerography and weather conditions. It also allows the inclusion of 

different configurations of city streets, width and height of buildings, mechanical turbulence caused by 

the movement of the vehicle. A drawback of the OSPM model is the inability to include deformations 
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of wind flow depending on the terrain and assessment of air pollution in points distant from the road 

on which the vehicle is moving. 

 

A software solution that we will use to analyse the assessment of air pollution is MOVES. MOVES 

has the tools that allow uploading and editing of local data in order to adjust the parameters and 

elements to be considered in the selected cases. Calculations result in tables in MySQL environment. 

It is possible to define the areas that are of interest and which carry a certain number of parameters, 

connecting via ID of each zone. After the completion of the calculations according to the given 

parameters, visualization of the results can be obtained in a sophisticated software environment for 

working with spatial data, such as GIS tools (Jackson, 2010). 

 

For a certain geographic location and time period, MOVES provides an overview of emissions and 

emission rates of the following pollutants  (Wigonyk, 2011): 

 HC (THC, NMHC, NMOG, TOG, VOC)  

 CO 

 NOx (NO, NO2)  

 NH3  

 SO2  

 PM10, 2.5 (organic carbon, elemental carbon, sulfate, brake wear, tire wear)  

 Greenhouse Gases (CO2, CH4, N2O)  

 Toxics: Benzene, Ethanol, MTBE, Naphthalene, 1,3-Butadiene, Formaldehyde, Acetaldehyde, 

Acrolein  

 

It is possible to determine different levels of results in relation to the desired output result, in 

accordance with the following selected categories: 

 Vehicles - with the possibility of setting or the inclusion of one or more types of vehicles with 

their general features into calculations and estimates of the total emissions of pollutants. 

 Types of fuels - which are used and the corresponding types of vehicles, such as petrol, diesel, 

gas, etc. 

 The road ï possibility of choice of the road category enabled primarily on the urban and rural 

territories, and then by category of road and speed limits. Parameters can be adjusted and 

changed. 

 

Adaptation and change of parameters are enabled through the interface of the software package 

MOVES, but also directly by entering data in forms and templates that are generated and contain data 

in text format or excel format. 

 

Emission processes are also defined categories related to moving and stationary vehicles at certain 

locations. 

 

Example of application MOVES package (Dresser, 2012)  for the evaluation of the effects of mobile 

sources of emissions of pollutants of the environment based on the initial preparation of data 

processing, i.e. after the choice of location. 
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Figure 1. Selection of the location and input of the types of vehicles and types of fuels used 

 

In order to demonstrate the possibilities of application of the MOVES tools, Despot Stefan street in 

Belgrade was selected, and the initial analysis was performed of the area for which it is necessary to 

prepare the appropriate parameters relevant in terms of the preparation of the input parameters for the 

selected project area. For this purpose, an overview of the segments of streets with intersections was 

made, the zone defined around the block and around the intersections with special emphasis on the 

beginning and the end of the street. From the point of analysis, different time periods are of interest, 

such as morning or afternoon rush hour, the level of day or month or year. One possibility is to 

calculate the emission and emission rates per unit of distance for moving vehicles and starting the 

engine of the vehicle, which are in operating mode, but are not moving and the vehicles that are at a 

standstill.  

 

Taking into account the possibility of the MOVES package for parameter calculation, the parameter 

can be determined, based on an analysis of the expert team, which would carry out the calculations of 

emission of air pollutants for the set parameters, as well as create the visualization and display using 

GIS tools (3SAQS, 2013). 


