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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, Mogilev State 

University of Food Technologies from Belarus and Slovak University of Technology in Bratislava in 

Slovak Republic has organized the Third International Conference of Ecology of Urban Areas 2013 

(URBANECO 2013). 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 2013 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 2013" 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 2013 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 III  International 

Conference Ecology of Urban Areas 2013. 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, 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 2013. 
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ABSTRACT 

 

This paper focuses to the reduction and removing of harmful substances - pollutants ï such as nitrogen oxides 

(NOX) contained in the flue gas produced by the power plants in Romania, by injecting different chemicals into 

the hot flue gases, using specialized injectors. Given the low level of NOX concentration required by law at the 

level of 200 mg / Nm3 (in reference to 6 % O2) in the output flue gases, primary measures, consisting of a 

judicious management of combustion air and combustion in stage, are not sufficient. Intervention is required 

such as secondary measures. One of the best solutions to reduce NOX is to use a selective non catalytic 

reduction (SNCR) technology, applied to the flue gases in a separate plant. The pollutant NOX can be reduced 

using agents such as ammonia (gas, liquid) or urea solution. Such a facility will be installed into three Lignite 

fired boilers of the Power plant Timisoara South (CET Timisoara Sud). Because of the simple storage and 

handling, not mentioning the security and price, the urea solution is preferred, comparing to the ammonia 

solution. The urea solution is sprayed directly into the combustion chamber, in zones with controlled (known) 

temperature profiles, depending on the flue gas composition. The present article is dealing with concrete 

numerical proposals versus the implementation of the technology SNCR in three industrial facilities of the 

Power plant CET Timisoara Sud.  

 

Key words:  nitrogen oxides, urea, selective non catalytic reduction SNCR, pollutants, lignite fired boilers. 

 

 

INTRODUCTION  

 

Forty years after Lyonôs patent [5] defining the conditions for selective, non-catalytic NO reduction to 

N2 by ammonia (SNCR, excess air conditions, 850 to 1100Ü C), there is continuing industrial interest 

in its use as a low cost and effective control technique. 

 

The paper presents as background the necessity of the SNCR technology and a general description of a 

SNCR plant, but further, also specific peculiarities, which are currently under installation 

implementation in CET Timisoara Sud, for three units. The main objective presented in this paper is to 

reach a high reduction of the NOx degree, with a minimum consumption of reagent. This can be only 

achieved with an even distribution of reagent in the flue gas at the right temperature. One will pay 

special attention to find the right position for the injection levels, assuring the right temperature to 

inject the urea solution on this three lignite fired boilers. It is very important to find the right position 

and depict the region with optimum temperature window, knowing that, if the temperature in the 

combustion chamber is too high, a conversion of the NH3-radicals from the urea solution into NOx 

takes place. This can possibly cause an increase of the NOx - concentration in the exhaust. If the 

temperature levels are too low, the NH3-radicals will not be conversed, and the NH3 will be emitted to 

the atmosphere, as ammonia slip and known also as secondary pollutant, being also very dangerous for 

the climate change and ozone depletion. 
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SNCR performance depends on factors specific to each source, flue gas temperature, available 

residence time for the reagent and flue gas to mix and react, amount of reagent injected, reagent 

distribution, uncontrolled NOx level, and CO and O2 concentrations.  

 

Efficiency of these plants was installed and tested in over 300 utility-scale boilers worldwide,[1], but 

most SNCR installations in commercial operation are in small scale boilers and in fluidized bed 

boilers. Experience of SNCR in large coal-fired plants is limited. In Europe, some large coal-fired 

plants have been equipped with SNCR. In Romania there are no SNCR installation installed on large 

coal-fired plants up to now. The first steps are presently proposed for the mentioned analyzed case in 

this paper. 

 

MATERIAL AND METHODS  

 

Global production of biodiesel 

 

The SNCR-plant proposed is consisting of following components: 

- Storage tank for reducing agent, 

- Circulation pumps for reducing agent (redundant), 

- Booster pumps for water (if necessary), 

- Air compressor station (if necessary), 

- Mixing and Metering Module, 

- Injection lances with binary nozzle, 

- Pipelines for reducing agent, water and pressurized air (buyer), 

- Armatures to regulate and control the fluids, 

- PLC (Programmable Logic Controller) for the controlling of the plant.  

 

The reducing agent is filled into the non-pressurized tanks (1) with volumes generally large enough to 

store the expected consumption for one week base-load operation. The tank is equipped with all 

necessary armatures and alarms, and is located in a catch basin which can take the total content of the 

tank if required, so that the reagent cannot get into the ground water. The reducing agent pumping unit 

contains two pumps (2), from which only one is in operation. The second one is reserve so that the 

SNCR plant can stay in operation in case of the failure of a pump. 

 

Figure 1.  P&I scheme for urea solution storage and pumping:  

a) storage tank, b) pumps, (Power plant CET Timisoara Sud) [2] 
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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 2.  Mixing and Metering Module front View (Power plant CET Timisoara Sud) [2] 
 

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 3. Injection Level 1 (Power plant CET 

Timisoara Sud) [2] 

Figure 4.  Injection Level 2 (Power plant CET 

Timisoara Sud) [2] 

 

Regardless of the reducing agent, urea or ammonia water, most SNCR systems use a boiler load signal 

and a preset NOx set point in order to calculate the required flow of reducing agent. This flow is thus 

corrected constantly by the NOx signal from the clean flue gas. The design and scope of process 

control systems may vary depending on the requirements of the user. It can be designed for 

independent operation but also it can be incorporated into the overall control system of the power 

plant, respectively boiler. The SNCR NOx reduction plant will be designed to reduce NO emissions at 

3 boilers during operation with pulverized coal only or in combination with natural gas support. The 

boilers are designed to operate within the range (50 - 100) % of the maximum capacity. The SNCR 

NOx reduction plant will not influence the availability of the boilers and their main operating 

parameters. The indicated flue gas flow rates refer to 1 boiler in standard condition for operation 100 

% with pulverized coal. The indication of the mass concentration of the NOx emission is likewise 

related to standard temperature and pressure (0ÁC; 1.013 bar) in the dry flue gas and to 6 % of vol. O2 

for operation with pulverized coal. Table 1 is indicating data referring to the guaranteed and real fuel 

parameters. 

Table 1. Given Data and Guaranteed Fuel Parameters [2]  

 
Guaranteed Fuel Parameters 

Net heat capacity of coal 8.026 MJ/kg 

Moisture content of coal 43,24 % mass 

Ash content of coal 16.34 % mass 

Volatile matter 21.0  % mass 

C content of coal 24.3 % mass 

S content of coal 1.5 % mass 

H content of coal 2.13 % mass 

N content of coal 0.7 % mass 

O content of coal 11.79 % mass 

Fuel Parameters Range 

Net heat capacity of coal 7.327-8.793 MJ/kg 

Moisture content of coal 32-34 % mass 

Ash content of coal 16-30 % mass 

Volatile matter 18-23  % mass 

C content of coal 19-25 % mass 

S content of coal 0.9-1.5 % mass 

H content of coal 1.6-2.5 % mass 

N content of coal 0.5-0.7 % mass 

O content of coal 10-12 % mass 

Natural gas fuel 

Lower heating value 35,6 MJ/Nmį 
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The reducing agent proposed is NOxAMID45  with the following characteristics [2]: 

- 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. 

 

The reducing agent is diluted with process water to insure an effective droplet distribution over the 

injecting cross section at any NOx baseline value.  

 

The specifications are: 

- Pressure: 6 bar (at injection level), 

- Temperature: approximately: 10-30ÁC, 

- Carbon hardness: < 260 ppm CaCO3, 

- total hardness: < 350 ppm CaCO3, 

- Consumption estimate of process water for a line at 100 t/h boiler load: 1,450 kg/h maximum. 

 

The compressed air (6 bars) is used for atomizing the diluted reducing agent and for the control of 

various components inside the SNCR system. For the control air of the pneumatic drives, compressed 

dried air without oil is necessary. The transfer point is at the Mixing and Metering Module. 

Compressed air should also be available for the pneumatic ball-valve in the unloading pipeline at the 

tank. 

 

Specifications are as follow: 

- Pressure: 6 bar (at injection level), 

- Pressure-related dew point:  -40 ÁC, 

- Temperature: 10-40 ÁC 

- Consumption estimate of compressed air for a line at 100t/h boiler load : 230 Kg/h. 

 

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 /m3, 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. 

 
RESULTS AND DISCUSSION  

 

We monitored NOx in the flue load operation without and with SNCR instalation. Monitoring was 

done within 24 hours. In the first chat we can see the NOx level measured without SNCR installation. 

Average amounts of NOx  measured at the stack was 504.18 mg/ Nm3.  

 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 19 

 
 

Figure 5. NOx level at full load without SNCR (Power plant CET Timisoara Sud) 

 

In the second chart we can see the NOx  mesureg with SNCR installation with boilers at full capacity. 

 

Average amounts of NOx  measured at the stack was in one day 293.60 mg/ Nm3.  
 

 
 

Figure 6. NOx level at full load with SNCR (Power plant CET Timisoara Sud) 

 

In the third chart we can see the urea consumption versus NOx level measured with SNCR installation 

with boilers at full capacity. Average amounts of NOx in one day  measured at the stack was 293.60 

mg/ Nm3. The total amount of urea solution consumed in one day was 2454.4 l/day. Averege amount 

of urea solution to reduce 1 mg/Nm3 of NOx was 0.485 l.  
 

 
 

Figure 7. NOx level at full load with SNCR Vs urea consumption 

 (Power plant CET Timisoara Sud) 
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In the next chart we can see the NOx level reached with the SNCR installation and the NOx level 

required.  

 
 

Figure 8.  NOx level achived at full load with SNCR Vs NOx level required 

 (Power plant CET Timisoara Sud) 

 

The removal rate of nitrogen oxides contained in the flue gas is around 55%. On this boilers will be 

also installed primary measures for nitrogen oxides reduction, such as overfire air with a removal rate 

around 40-50% and  flue-gas recirculation with a removal rate around 15-20%. Only after this 

upgrading  we managed to get the amount of NOx required by the law. 

 

CONCLUSION 

 

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]  

 

In the world engineers make efforts to optimize the SNCR system with other technologies for 

controlling NOX and other air pollutants. Some examples that presently one is trying to implement 

them in Romania in the following years refer to:  

1. Gas reburning in combination with SNCR may achieve a reduction up to 70%. This is one of 

the problem that we will try to resolve in CET Timisoara Sud [1] 

2. A SNCR Station can also control others pollutants such as S02, chlorides, heavy metals, and 

dioxins and furans. Thatôs possible co-injecting lime slurry with aqueous urea. [1] 

3. In many cases the waste water from the power plants canôt be discharged into local streams, 
rivers, and sewers. The waste water can be injected in the furnaces with simultaneous control 

of NOx[1]  
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ABSTRACT 

 

The paper offers a general out view into the air quality problematic, focussing on special modelling aspects, that 

enable to detect in real time or broadcast estimated level of pollutants. The research is focussed on the 

Timisoara study case, thus the results of comparative strategies, depending on local climatic and topography, 

can be predicted. In addition some new aspects concerning odours determination, by means of specific cells, is 

presented. 

 

Key words: Air quality monitoring, pollutants, modeling, odors.  

 

 

AIR POLLUTION - A CONSTANT NEED FOR RESEARCH 
 

The atmosphere is a complex dynamic natural gaseous system that is essential to support life on planet 

Earth. Stratospheric ozone depletion due to air pollution has long been recognized as a threat to human 

health as well as to the Earth's ecosystems. Recent developments in air pollution modeling and its 

application are explored in contributions by researchers at the forefront of their field [1], [2], [4]. The 

present paper is focused on local (urban modeling) data assimilation and air quality forecasting model 

assessment and evaluation; aerosol transformation, the relationship between air quality and human 

health and the effects of climate change on air quality being well known.  

 

Air pollution is the introduction into the atmosphere of chemicals, particulates, or biological materials 

that cause discomfort, odors, disease, or death to humans, damage other living organisms such as food 

crops, or damage the natural environment or built environment. 

 

An extensive body of scientific evidence shows that long- and short-term exposures to fine particle 

pollution, also known as fine particulate matter (PM2.5), can cause premature death and harmful 

effects on the cardiovascular system, including increased hospital admissions and emergency 

department visits for heart attacks and strokes. Scientific evidence also links PM to harmful 

respiratory effects, including asthma attacks [6-9]. 

 

Figure 1 indicates the major PM sources, depicting the origin of the particles, according to their 

diameter [4], [5]. 

 

Figure 2 [10], [11], [13] brings into attention the damaging effects of cigarette indoor smoking [10].  

Ozone can increase the frequency of asthma attacks, cause shortness of breath, aggravate lung 

diseases, and cause permanent damage to lungs through long-term exposure. Elevated ozone levels are 

linked to increases in hospitalizations, emergency room visits and premature death.  

Both pollutants cause environmental damage, and fine particles impair visibility. 

Fine particles can be emitted directly or formed from gaseous emissions including sulfur dioxide or 

nitrogen oxides. Ozone, a colorless gas, is created when emissions of nitrogen oxides and volatile 

organic compounds react. 

 

For unhealthy peak levels of sulfur dioxide and nitrogen dioxide, it is demonstrated that they cause 

multiple adverse respiratory effects including increased asthma symptoms, and are associated with 
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increased emergency department visits and hospital admissions for respiratory illness. Both pollutants 

cause as well environmental damage, and are byproducts of fossil fuel combustion.  

 

Airborne lead pollution now meets national air quality standards, except in areas near certain large 

lead-emitting industrial facilities. Lead is associated with neurological effects in children, such as 

behavioral problems, learning deficits and lowered IQ, and high blood pressure and heart disease in 

adults. 

 

The entire nation meets the carbon monoxide air quality standards, largely because of emissions 

standards for new motor vehicles under special legislation (Clean Act in USA and EC CEN normative 

in Europe). 

 

 
Figure 1. Size distribution of different solid particles (PM) [4] 

 
Figure 2. Death from indoor pollution from fossil fuel combustion [10], [11] 
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STATUS OF COMMON POLLUTANT PROBLEMS IN BRIEF  
 

Legislation is becoming more and more restrictive in reference to pollutants and recently also 

concerning the Odor Dispersion and Emissions Monitoring System. According to French Environment 

law L220-2: óóAtmospheric pollution is comprised of [...], introduction by Man, directly or indirectly, 

or the presence of, in the atmosphere and enclosed spaces, chemical, biological or physical agents 

which may have a harmful impact and cause olfactory nuisanceôô, meaning that not only regular 

pollutants, such as NOx, SO2, SO3, CO, ozone, VOC, PM10, PM2.5, etc.,  are of importance for the 

quality of the environment, but also the odors causing discomfort [3]. 

 

A substance in the air that can be adverse to humans and the environment is known as an air pollutant. 

Pollutants can be in the form of solid particles, liquid droplets, or gases. In addition, they may be 

natural or man-made. Pollutants can be classified as primary or secondary. Usually, primary pollutants 

are directly produced from a process, such as ash from a volcanic eruption, the carbon monoxide gas 

from a motor vehicle exhaust or sulfur dioxide released from factories. Secondary pollutants are not 

emitted directly. Rather, they form in the air when primary pollutants react or interact. An important 

example of a secondary pollutant is ground level ozone ð one of the many secondary pollutants that 

make up photochemical smog. Some pollutants may be both primary and secondary: that is, they are 

both emitted directly and formed from other primary pollutants. 

 

Major primary pollutants produced by human activity include [2], [3], [8-12]: 

 Sulfur oxides (SOx) - especially sulfur dioxide - is a chemical compound produced by 

volcanoes and in various industrial processes. Since coal and petroleum often contain sulfur 

compounds, their combustion generates sulfur dioxide. Further oxidation of SO2, usually in 

the presence of a catalyst such as NO2, forms H2SO4, and thus acid rain.[2] This is one of the 

causes for concern over the environmental impact of the use of these fuels as power sources. 

 Nitrogen oxides (NOx) are generated from high temperature combustion, and are also 

produced naturally (thunderstorms). Especially NO2 is a sharp, reddish-brown toxic gas and 

one of the most prominent air pollutants. 

 Carbon monoxide (CO) - is a colorless, odorless, non-irritating but very poisonous gas, 

considered  a product by incomplete combustion of fuel such as natural gas, coal, oil or wood. 

Vehicular exhaust from automotive systems is a major source of carbon monoxide. 

 Volatile organic compounds ï VOCôs are an important outdoor air pollutant, and are often 

divided into the separate categories of methane (CH4) and non-methane (NMVOCs). Methane 

is an extremely efficient greenhouse gas which contributes to enhance global warming. Other 

hydrocarbon VOCôs are also significant greenhouse gases via their role in creating ozone and 

in prolonging the life of methane in the atmosphere, although the effect varies depending on 

local air quality. Within the NMVOCs, the aromatic compounds benzene, toluene and xylene 

are suspected carcinogens and may lead to leukemia through prolonged exposure. 1,3-

butadiene is another dangerous compound which is often associated with industrial uses. 

 Particulates, alternatively referred to as particulate matter (PM), atmospheric particulate 

matter, or fine particles, are tiny particles of solid or liquid suspended in a gas. In contrast, 

aerosol refers to particles and the gas together. Sources of particulates can be manmade or 

natural. Some particulates occur naturally, originating from volcanoes, dust storms, forest and 

grassland fires, living vegetation, and sea spray. Human activities, such as the burning of 

fossil fuels in vehicles, power plants and various industrial processes also generate significant 

amounts of aerosols. Averaged over the globe, anthropogenic aerosolsðthose made by human 

activitiesðcurrently account for about 10 percent of the total amount of aerosols in our 

atmosphere. Increased levels of fine particles in the air are linked to health hazards such as 

heart disease [2], [7] altered lung function and lung cancer. 

 Persistent free radicals connected to airborne fine particles could cause cardiopulmonary 

disease [3], [4]. 

 Toxic metals, such as lead and mercury, especially their compounds. 

 Chlorofluorocarbons (CFCs) - harmful to the ozone layer emitted from products currently 

banned from use. 
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 Ammonia (NH3) - emitted from agricultural processes - is a compound both caustic and 

hazardous, encountered as a gas with a characteristic pungent odor, contributing significantly 

to the nutritional needs of organisms (foodstuffs and fertilizers). Odors ð such as from 

garbage, sewage, and industrial processes 

 Radioactive pollutants - produced by nuclear events or war and natural processes such as the 

radioactive decay.. 

 

Secondary pollutants include: 

 Particulates created from gaseous primary pollutants and compounds in photochemical smog. 

The word "smog" is a portmanteau of smoke and fog. Classic smog results from large amounts 

of coal burning in an area caused by a mixture of smoke and sulfur dioxide. Modern smog 

does not usually come from coal but from vehicular and industrial emissions that are acted on 

in the atmosphere by ultraviolet light from the sun to form secondary pollutants that also 

combine with the primary emissions to form photochemical smog. 

 Ground level ozone (O3) formed from NOx and VOCs (mainly due to traffic sources running 

fossil fuel), is a key constituent of the troposphere and an important constituent of certain 

regions of the stratosphere commonly known as the Ozone layer. Photochemical and chemical 

reactions involving it drive many of the chemical processes that occur in the atmosphere by 

day and by night. At abnormally high concentrations brought about by human activities 

(largely the combustion of fossil fuel), it is a pollutant, and a constituent of smog. 

 Peroxyacetyl nitrate (PAN) - similarly formed from NOx and VOCs. 

 

Minor air pollutants include: 

 A large number of minor hazardous air pollutants. Some of these are regulated in USA under 

the Clean Air Act and in Europe under the Air Framework Directive. 

 A variety of persistent organic pollutants(POPs) , which can attach to particulates, are organic 

compounds that are resistant to environmental degradation through chemical, biological, and 

photolytic processes. They persist in the environment, are capable of long-range transport, 

bio-accumulate in human and animal tissue, bio-magnify in food chains, and have potential 

significant impacts on human health and the environment. 

 
AIR QUALITY MONITORING BY SIRANE  

 
Today, pollution levels in many areas of Romania and in Timisoara as well, exceed national air quality 

standards for at least one of the six common pollutants. In Timisoara special concern raised about PM. 

Thus an infringement from the EC is expected, if the situation is not solved, meaning the NB of 

episodes with overvalues is not reduced, as well the regular value of PM10 are under the limits. 

 

The research accomplished in the frame of the international project AIRQ, jointly selected and funded 

by the French National Research Agency ANR and the Executive Agency for Higher Education, 

Research, Development and Innovation Funding UEFISCDI (international program 

(www.mec.upt.ro/airq), aims to improve the operational modeling and monitoring of urban air quality 

in Timisoara, comprising: 

1. The construction of a proper emission cadastre over the urban site of Timisoara taking into 

account some local specificities, mainly the local fleet and the industrial effluents description  

2. The implementation of a detailed parameterization for the turbulent exchanges between the 

urban canopy flow and the turbulent boundary layer. This advanced parameterization should 

account for the specificities of the poorly documented configurations generally met in 

suburban areas  

3. The code validation as well as operational simulation over the city of Timisoara thanks to 

local data recordings, mainly :  standard meteorological recordings, LIDAR measurements, 

concentrations  sampling for the following pollutants: SO2, NO, NO2, NOx, CH4, NMHC, 

THC, PM10, PM4, PM2.5 and PM1.0.  
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Firstly one focused on road traffic emission and main industrial sources, then all another sources 

(secondary industrial emission, residential emission, etc.) Sources are then modulated according to 

different ñgeometricalò categories: 

 Large point sources (LPS):  it is emitters clearly identified and quantified on an annual basis 

(combustion unit with ducted discharge, thermal power plant, oil refinery, industrial complex, 

cement, etc.). 

 Large Linear sources (LLS):  it is the main road with important daily traffic, in urban areas or 

on highway. Traffic is generally known through permanent or periodic counts; 

 Surface Sources : These sources are constituted by all other sources that are not grouped as 

LPS or LLS, i.e. which cannot be individualized (e.g. small industrial plants, crafts, activities 

domestic ïheating-, leisure activities, traffic on local roads with low average importance 

defined as secondary roads emission, agricultural areas, forest areas, etc). Emissions from 

these sources were mainly grouped as a cadastral with spatial resolution of 1km * 1km. Some 

can also treated at specific surface sources. 

 

ODORS MONITORING CAPACITY  
 

One of the possibilities to use the numerical model developed is also to depict the odors, especially 

based on measurements with special developed instruments/sensors, and tracking back the origin 

(reverse modeling), according meteorological data. Under the circumstances of increasingly coercive 

legislation, the need for continuous monitoring of pollutant concentration in the air has increased 

considerably over recent years, driven by health and safety concerns (toxic gases) and odor related 

nuisance or discomfort. Although gas exposure limit values are generally measured in parts per 

million (ppm), odor nuisance is measured by the parts per billion (ppb) presence of indicators gases, a 

concentration that is one thousand times lower. 
 

Industrial players are therefore faced with the problem of measuring very low concentrations of gas 

(ppb) over a very wide area on a continuous basis, when the laboratory machines generally used for 

this purpose do not provide continuous data. 
 

On the other hand, according to data emitted by Olivier Zaouak [4] (Table 1) up to 20 % of the 

population is annoyed by diffuse environmental odors.  

 

Table 1: Different olfactory effects of compounds present in the air [4]  
 

Compound Lowest human olfactory 

threshold 

Smell 

H2S 0.42 to 0.41 ppbv Rotten egg 

CH3SH 0.07 ppbv Cabbage, garlic 

NH3 1.5 to 2.6 ppmv Pungent, irritant 
 

 
 

Figure 3. The Cair Clip CARPIOL sensor as compact devices designed to measure low 

concentrations of H2S, NH3 and methyl-mercaptan (CH3SH), [4] 
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Reduced sulfur compounds (RSC) are primary irritants, especially hydrogen sulphide (H2S) and 

methanethiol (CH3SH) because of their high olfactory impact at very low concentrations (a few ppbv) 

Increasing demand for highly sensitive sensors able to monitor these species at very low ppbv-levels 

was answered by the Cair Clip CARPIOL devices. 

 

Figure 3 brings the schematics of the CARPIOL devices. 

 

EXPERIMENTAL RESULTS  

 

Figures 4-7 bring first results from the modeling research. It consists of depicting regional pollution 

levels (for different species) according to the input data, specific for Timisoara. The data are not 

relevant yet, as the program is under construction still, but they surly proof the possibility of 

answering to the general scope: to depict specific pollution levels in urban area of Timisoara, after the 

validation of the program, through in situ measurements. 

 

  

Figure 4. Dispersion of max concentrations of 

NO 

Figure 5. Dispersion of max concentrations of NO2 

 

  
Figure 5. Dispersion of max concentrations of  

PM max 

Figure 6. Dispersion of max concentrations of O3 

max 

 
Different kind of data/information was used to construct the emission inventory: 

- Data to help to map some emission source over the whole domain or to facilitate the construction 

of the cadastre: Distribution of the population of the study area, Geographical location of large 

industrial areas and activity on the study area, 

- Data to extrapolate some value in 2010 from past years or to extrapolate inventory to 2013: 

Evolution of the population by territorial units (urban and rural), Evolution of the number of industrial 

workers in the area, Evolution of regional GDP (and GDP). 
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Energy balance as exhaustive as possible was required. The objective was, to get data, for the year 

2010, on: 

- The energy consumption per year in the area, by sector and by fuel type. 

- The total amount of fuel consumed in the area expressed in tons per year and fuel 

- The distribution of fuel consumption in the area by industry (SNAP classification) 

"Fuel" means fuel oil, light fuel oil, gasoline, heating oil, diesel, kerosene, natural gas (butane), coal, 

wood, etc., consistent with the NAPFUE 94 nomenclature. 

 

In order to calculate the emissions from road traffic, COPERT IV use emission factors and various 

parameters were used,  such as: 

- The vehicle fleet known as much as possible in detail (sixty types of vehicles is possible) 

- The level of emissions control (EURO I, EURO II, EURO III, EURO IV, etc ...) 

- The types of vehicles (passenger car, light of heavy duty vehicles, motorcycles, buses, etc ...) 

- The types and consumption of fuels (gasoline or oils) 

- The physical and chemical characteristics of these fuels 

- The average specific consumption of each types of vehicles depending on their size and speed 

(liter / 100 km) 

- The average speed running on different road types (urban, rural, highway) 

- The annual mileage of each type of vehicle 

- The distribution of mileage done by each type of vehicle on different road types (urban, rural, 

highway) 

- The maximum and minimum monthly temperatures 

 

Among these various data, the two main ones are: 

- The regional vehicle fleet, including the following breakdown: 

o The different types of vehicles (passenger cars, light duty vehicles, heavy duty vehicles, 

motorcycles, buses, etc ...) 

o For each type of vehicle, the consumption of fuels (gasoline or oils), otherwise the average 

annual mileage made by each type of vehicle on each road type (urban, rural or intercity highway) and 

the specific consumption of each type of vehicle 

o For each type of vehicle and fuel, the level of emission control (EURO I, EURO II, EURO III, 

EURO IV, etc ...) 

 

Ideally this information must be available over the Timisoara area, if not national data could be used 

as an alternative. 

- On each main roads (at least those who are selected to be explicitly modeled), it is necessary 

to obtain (or calculate) the emissions for different pollutants: if emissions of road sections are not 

known, it is then necessary to retrieve the following data: 

o Average speeds limit for each roads 

o Traffic data as AADT (Annual Average Daily Traffic) that corresponds for each section to the 

number of vehicles per day. In general, this information is available for the whole road network if a 

traffic model is used. If this is not the case, the goal is to recover all the available counting data: 

manual or automatic counting, on the longest period as possible. These data could be used in a traffic 

model to calculate the AADT for each modeled section. Note that if there are major axes across the 

study area (e.g. a highway), it is important to have an estimation of the flow of vehicles on these roads 

in and out of the field, to assess the traffic coming from outside the zone. 

At this stage, it was acquired traffic data for 2010 on more than 500 roads (around 75% of the total 

road network presented before) 

 

Main industrial emitters (Large point sources, LPS) 

 

These correspond to stack emission for main industrial emitters. For each source, it must be known: 

- The height of discharge above ground level 

- The temperature of the discharge 

- The velocity rate 
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- The inner diameter of the chimney 

- The emission in units of mass per unit time (flow in g / s or kg / day). In the absence of emission 

data, it must then recover the amount of fuel consumed in the year by the unit (or the whole 

site), and the type of fuel 

- The temporal profiles of the emission source, or at minimum for the industrial site (any 

information relating to periods of activity on the site is interesting, for example if work is based 

on 3 x 8h cycle, closed period, seasonal influences, days of the week, etc.) 

 

Secondary sources 

 

Firstly, this corresponds to small and medium industrial enterprises other than LPS. Global emission 

from these industries will be calculated distributed in space and time based on various information 

such as:  

- Spatial database of enterprises in the study area 

- distribution of firms by geographic area 

- SNAP code of each industrial site  

- Consumption of fuel for these site 

 

Secondly, this corresponds to emission from secondary road network, that is to say emission from 

roads which are not simulated as LLS. Global emission was calculated from Energy balance table 

calculated for road sectors and emission calculated for LLS. Spatial allocation of this emission can be 

done either from GIS road network if LLS are less in number than these data, either from another 

information such as land use or density population by territorial units. Thirdly, this could correspond 

to the residential and tertiary sectors. One will use the energy consumption table described above to 

calculate associated emissions, and then distribute it spatially based on the population density for 

example. Lastly, this could be natural emission, or specific ones of interest for the region. For 

example, it was identified that there is problem of sand emission after winter season from roads in the 

region of Timisoara. 

 

CONCLUSION 

 

The general remarks are as follows: 

 Continuing to educate the public, especially children, on how to protect themselves from 

excess exposure to UV radiation through the SunWise program. 

 Continuing to foster domestic and international partnerships to protect the ozone layer. 

 Encouraging the development of products, technologies, and initiatives that reap co-benefits in 

climate change and energy efficiency. 

 

In particular the authors demonstrated: 

 The possibility to focus on a urban area by special numerical approach, suitable to predict or 

compare different strategies of city developments.  

 Application of the updated, novel development of the version of SIRANE, based on validation 

and specific topographic and meteorological data, the result might contribute in depicting 

solution for reducing pollution level, especially concerning PM. 

 

The research presented is based on an international project led by a consortium of 3 partners involved 

in the field of atmospheric modeling and measures: LMFA, France, Numtech, France, and UPT, 

Romania. The research ïstill ongoing - addresses the question of urban atmospheric pollution by 

improving the existing operational model SIRANE. The updated numerical tool will be tested and 

applied over the site of Timisoara, Romania. This requires updating two physical modules, one for the 

ñin-streetò flow velocity, one for the turbulent exchanges, so as to relate the two mentioned parameters 

to the street characteristics. Operational data over Timisoara are also required in order to run the 

SIRANE software both in the validation phase and for air quality simulations. To that purpose, the 

necessary data started to be collected and adapted according to the methodologies in use all over 

Europe. A review of the available methods was also achieved for that purpose.  
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ABSTRACT 

 

The diagnostics is carried out of air pollutant removable potential and energy efficiency of pollutant 

introduction in air,on the basis: - of the daily pollutants  mass concentration monitoring results, in sixth day   

period in the various seasons and locations in Romania and Serbia; - and of the solar constant effective in 

chemisorbed  successive pollutant introduction rate constants as  indicator  of  equal  hydrogen  and surface 

oxygen depolarization potentials. 

 

Key words: Air monitoring, Energy efficiency of pollutant transport,  Solar constant, Thermal effects.  

 

 

INTRODUCTION  

 

In our previous paper pollutant removable  and immisiong rate constants ratio determining pollutant 

free energy enabled  to obtain the functional dependences between  reversible pollutant  potential 

kpE ,   on  pollutant measured contents in air, pol , 
with the strong correlation coefficients, R

2
=0,78 

- 1  (Milan Pavloviĺ, Ioana Ionel, Mirjana Ġevaljeviĺ,  Nicolae Stelian Lontis, Aleksandar ņuriĺ, 

ICEEM 007, 2013):  

 0, EtgE pkp                                                                                                  (1)    

 

The basic aims of electrochemical research is to influence on  the energy efficiency of energy 

conversion. In this case pollutant mass transport  in daily  steady state, pɹ as  measure of deviation of 

the cell voltage reversible value is examined  i.e.  direct measure of  irreversibilty degree, enabling  

pollutant removal and/or introduction in air due to the  pollutant mass diffusion transport and heat 

energy transport. The  measured pollutant transport  rate constants, Ñ  kp control  the conversion   in 

pollutant depletion current equal to hydrogen/oxygen depolarization current density, jp=ȹjH+/O2 of 

hydrogen reversible depolarization work, AHdep on chemisorbed oxygen surface, E
ʻ
H2- : 

p

Hp

Hdep
k

Ej
A

2
                                                                                                               (2)    

And control energy efficiency of pollutant transport, E e,p: 

Hdep

p

pe
A

E ,                                                                                                                       (3)    

    

   Depending on  solar power on earth surface,  Ps = (1353 ҕ30)W/m
2
 , i.e.solar constant , the depletion 

pollutant with zero affinity control current jp=  jH+/O2 depending on  selective pollutant  removable  

potential,  E
ʻ

=ɹ0: 

0E

P
j s

e                                                                                                                                                                                                            (4)    
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Pollutant depletion current control hydrogen migration and electron titration currents according to its 

impulses conservation law:               ȹ jm= ȹje Ā(me/mH)                                             (4a)                         

                                                                        

and electric pemitivity of chemisorbed oxygen,  (Ůr=10,3),  (Miroslav Stanojeviĺ et al, 2013): 

 

jp= jH+/O2-=ȹ jm /10,3                                                                                                        (4b) 

 

that give:   

)()(

)(

20 OHmE

emP
j

r

s

p
                                                                                       

(5)  

 
 

The combining of the Eqs. (2-5) enables diagnostics of solar energy efficiency in pollutant transport, 

depending on pollutant removable, E
ʻ

=ɹ0 and hydrogen depolarization potential ratio, E
ɗ
H2:  

kWhmg
E

Ek
E

H

pp

pe /,885,3
2

0

,                                                                             
(6)   

The pollutant temperature change due to the contact with Ohm resistance according to Joule ïLenc 

law  where: CpȹTp = CpȹTN2Āe =  IFĀȹUĀŰ = ȹ j
ɗ
mE
ɗ
0 /k mH+ could be determined on the basis of the  

slope of linear function of hydrogen migration current density, jm on the depolarization and pollutant  

removable  potentials  ratio, E
ɗ
H2/Eɔ=0 (giving the value of  tg = ȹ j

ɗ
mE
ɗ
0 / E

ɗ
H2) using in Joules heat 

determination on the basis of  depolarized hydrogen reversible potentials determined in our previously 

paper.  
 

 

EXPERIMENTAL RESULTS  

 

  The equipments are part of the air quality monitoring mobile laboratory and procedures used are in 

full compliance with ISO/CEN 17025:2005 standard for quality assurance in analytic laboratories. The 

laboratory is the property of ñPolitehnicaò University of Timisoara and more details and informationôs 

(including certifications) can be found on www.mediu.ro.   

 

Table 1: The calculated data for the range  of the relative electric permitivity of water active  centers, 

0,55<Ůr,PLTE< 8,85  controlling zero pollutant affinity ( Milan Pavloviĺ et al  2013)  

 

 

Pollut. 

E 
ʻ
c=0 

V 

E
ɗ
H2 

V E
ʻ
ʴҐл/EH2 

jmigr 

A/m
2 

jH+/O2 

A/m
2 

ҕ ƪst,  
day

-1
 

pɹ,s 

mg/m
3 

ȹT p 

K, Eq.(12) 

Ee,  

g /kWm  Ůr,PLTE 

CH4 0,0895 0,32 0,28 8,23 0,80 0,029 3,85 0,47 0,000121 6,26 

CO -0,02 0,31 -0,06 -36,85 -3,58 0,12 0,34 -0,10 -0,000010 0,55 

CO -0,0763 0,31 -0,25 -9,66 -0,94 0,12 1,47 -0,39 -0,000171 2,4 

NMHC -0,4366 0,31 -1,41 -1,69 -0,16 0,34 0,29 -2,23 -0,000540 0,48 

NMHC 0,0532 0,31 0,17 13,85 1,34 0,34 0,47 0,27 0,000106 0,76 

NMHC 0,0774 0,31 0,25 9,52 0,92 0,15 0,83 0,40 0,000121 1,35 

THC 0,9232 0,32 2,89 0,80 0,08 0,01 4,48 4,86 0,000503 7,3 

THC -0,1433 0,32 -0,45 -5,14 -0,50 0,033 5,25 -0,76 -0,000303 8,55 

THC -0,0378 0,32 -0,12 -19,50 -1,89 0,075 3,78 -0,20 -0,000132 6,15 
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Table 2: The calculated data for the range  of the relative electric permitivity of water active  centers, 

7,74<Ůr,PLTE<34  controlling zero pollutant affinity  (Milan Pavloviĺ ICEEM 007, 2013)   

 

  

Table 3: The calculated data for the range  of the relative electric permitivity, 54,4<Ůr,PLTE< 608 ) of 

water active  centers, controlling zero pollutant affinity (Milan Pavloviĺ ICEEM 007, 2013)  

 

 
 

Figure 1. Functional dependences of hydrogen migration solar current density, jm on hydrogen 

depolarization and pollutant removable potentials ratio, E
ɗ
H2/Eɔ=0 

 

The minimal ratio of  E
ɗ
H2/Eɔ=0 for CO2 and THC of  0,18-0,35 correspond to the minimal migration 

hydrogen ions cathode current densities of CO2  ,-0,22 A/m
2
 and  anode current  density to 0,3 A/m

2
 

and of  THC to 0,8 A/m
2
 (see Tables 1-3).  Zero   pollutant removable potential   decrease migration 

hydrogen ions cathode current up to the Eq.  in Fig.1to y0=j0: 

 j0= 94,7 mA                                                                                                      (7)   

  

 

On the basis of the obtained linear function  slope (y = 1,984x + 0,094, RĮ = 0,996 ): 

  

tg =  ȹ j
ɗ
mE
ɗ
0 / E

ɗ
H2 =1,984                                                                                                    (8)   

Pollut. 

E 
ɗ
c=0 

V 

E
ɗ
H2 

V 

E
ɗ
ɔ=0/EH2 

jmigr 

A/m
2 

jH+/O2 

A/m
2 
Ñ kst,  

day
-1
 

ɔp,s 

mg/m
3 

ȹT p 

K, 

Eq.(12)
 

Ee,  

g /kWm  

Ůr,PLTE 

PM10 0,0128 0,32 0,04 57,57 5,59 12,81 5,59 0,07 0,0000111 20,86 

O3 0,0301 0,32 0,09 24,48 2,38 14,31 2,38 0,16 0,0000119 23,3 

SO2 -0,0272 0,32 -0,09 -27,09 -2,63 10,44 -2,63 -0,14 0,0000096 17 

SO2 0,0396 0,32 0,12 18,61 1,81 7,31 1,81 0,21 0,0000062 11,9 

NO 0,0418 0,32 0,13 17,63 1,71 4,2 1,71 0,22 0,0000036 6,88 

NO 0,0698 0,32 0,22 10,56 1,03 12,9 1,03 0,37 0,0000114 21 

NO 0,0504 0,33 0,15 14,62 1,42 18,26 1,42 0,27 0,0000151 30,4 

NO2 -0,1908 0,32 -0,60 -3,86 -0,37 16,58 -0,37 -1,01 0,0000143 27 

NO2 0,0038 0,32 0,01 193,93 18,83 4,75 18,83 0,02 0,0000035 7,74 

Pollut. 

E 
ɗ
c=0 

V 

E
ɗ
H2 

V 
E
ɗ
ɔ=0/EH2 

jmigr 

A/m
2 

jH+/O2 

A/m
2 

Ñ kst,  

day
-1
 

ɔp,s 

mg/m
3 

ȹT p K, 

Eq.(12)
 

Ee,  

g /kWm  
Ůr,PLTE 

PM10 -0,0333 0,38 -0,09 -22,1 -2,15 66,34 -2,15 -0,21 0,000050 108 

PM10 0,6933 0,35 1,98 1,06 0,10 44,78 0,1 4,01 0,000034 72,9 

CO2 2,2767 0,81 2,81 0,32 0,03 373 30 30,73 31,44 608 

CO2 -3,3484 0,62 -5,40 -0,22 -0,02 389 -20 -34,21 42,01 389 

NO2 -0,0902 0,34 -0,27 -8,17 -0,79 33,42 -0,79 -0,51 0,000028 54,4 

NOx 0,2177 0,36 0,60 3,39 0,33 50,68 0,33 1,29 0,000039 82,5 
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The  removable pollutant and hydrogen depolarization potential ratio on the Ohm resistances could 

exchanged heat CpȹTp give an temperature excitation signals (Rotenberg, Z.A, 1997) . 

 

In present paper it is predicted according to Joule ïLenc law (where Cp(N2)average = 35,7J/molK): 

CpȹTN2Āe = CpȹTp= IFĀȹUĀŰ = ȹ j
ɗ
mE
ɗ
0 /k mH+ 

 

that gives after combining with Eq(8):  

 

CpȹTp=1,98 E
ɗ
H2/ k mH+                                                                                                    (9)   

 

where: 

 

ȹTp = 1,98 E
ɗ
H2 / k mH+Cp =1,98 FĀE

ɗ
H2 / i mH+ĀCp(N2)                                                      (10) 

  

   

 The  relaxation of electron and hydrogen ion kinetic energies to thermal value gives: 

 ȹTe (N2)= ȹTH+= (mH/me)
1/2
ĀȹTePLTE                                                                                   (11) 

 and the  relaxation electron temperature  to thermal value in hydrogen depolatization on oxygen 

surface gives: ȹTp= ȹTePLTE(O2
-
) =ȹTePLTEĀʁr(O2

-
) that enable pollutant temperature change 

determination: 

ȹTp = 1,98 FE
ɗ
H2/42,8Ā10,3ĀimH+35,7 

ȹTp = 12,14ĀE
ɗ
H2  /imH+                                                                                                  (12)                       

                                             

 

 
  
Figure 2. The functional dependences between pollutant energy efficiency Ee, g/kWhm on  the  relative 

electric permitivity range  corresponding to the pollutants zero affinity,  given in the Tables 1-3 
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Figure 3. The dependences of pollutant temperature  change  effective in the hydrogen depolarization, 

on  the  calculated energy efficiency of pollutant transport Ee, g/kWhm (corresponding to the 

pollutants zero affinity  (0,5<Ůr,PLTE< 8,5), Table 2   (7,74<Ůr,PLTE< 34) and  Table 3 (54,4<Ůr,PLTE< 108) 

 

CONCLUSION 

 

The concluding remarks are as follows: 

 The diagnostics of organic  energy efficiency of pollutant immision indicate to the  the range 

of  Ee= (6E-5 to 1E-4)g/kWhm where pollutant removable potentials correspond 

approximately to thermal value, Eɔ=0=RT/F and hydrogen depolarization potential equal to 

reversible potential of hydrated  superoxide anion,E
ɗ
H2=E

ɗ
(O2-)aq= 0,33V . 

 The diagnostics of the deviation work detrmined with pollutant removable potential  ȹ 

j
ɗ
mH+E

ɗ
0 /kp of reversible received solar energy in electron titration on depolarized hydrogen,  

enable the  slope  function, y = 1,984x + 0,0947 obtained with strong correlation coefficient , 

RĮ = 0,9962:   tg = ȹ j
ɗ
mE
ɗ
0 / E

ɗ
H2 = 1,984 that gives the migration current power on pollutant 

as  Ohm resistance where CpȹT/Űp =ȹ j
ɗ
mE
ɗ
0 = 1,984 E

ɗ
H2  

 Energy efficiency of inorganic pollutant transport linearly increase with  relative electric 

permitivity,  between inner and outer Helmholtz layer, Ůr,PLTE = 7-30 (O3, SO2, NO, NO2) as 

well as on condensation water active centers at  t= 100 
o
C  Ůr,H2O(NO2)=54, at t= 50 

o
C  

Ůr,H2O(PM10) = 70, at t= 0
o
C  where Ůr,H2O (NOx )= 87,7  and  at  temperatures decreasing 

below t=0
0
C, at Ůr,H2O  (PM10)  = 108 up to  ȹt(CO2) = -34,3K Ůr(CO2) =389 . At the increasd 

 relative pollutant electric permitivity corresponding to zero affinity,  Ůr(CO2) =608 

exothermic process increase pollutant temperaturte  for  31,4 K.  

 During  the linearly  energy efficiency of pollutant transport  increasing with increased relative 

electric permitivity (corresponding to pollutant zero affinity), the  alternating increasing abd 

decreasing pollutant temperaturs are found.  
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ABSTRACT 

 

Decreasing of air pollutions in urban transport is one of the main tasks in improving the life quality in cities. 

Satisfactory results could be achieved only by systematic approach, by optimising the all aspects of urban 

transport. This article is focused on measures of achieving an Euro 6 emission norm standard in modern diesel 

engines, as a key ecological factor in cities without electro-powered transport network and sufficient LPG and 

CNG supply for transport means. In those urban areas the modern buses with minimised mass, internal 

mechanical losses and tyre rolling resistance, powered by Euro 6 diesel engines, could be a good solution, 

especially in combination with other ecological measures and improvements.  

 

Key words: urban traffic, pollutions, diesel engine, environmental friendly. 

 

 

INTRODUCTION  

 

Solutions for decreasing of pollutions in urban transport are well known and particularly focused on 

two measures: 

 redirecting from individual to group (public) transportation 

 redirecting from conventional vehicles, with internal combustion motor to electric powered 

vehicles 

 

First measure clearly defines that more persons per vehicle reduce pollutions per person and vehicle. 

So is important that every city has well organised public transport with content of individual transport 

as low as possible (extensive use of public transport). 

 

With second measure - introducing of electric powered vehicles for public transport (trolley-bus, tram, 

city-train, metro) direct pollution is reduced to zero. Although that solves problem of pollution in 

cities, real problem is only transformed to the location where electrical energy is produced. In 

principle this option reduces total pollutions, especially if electrical vehicles are on rails (as a result of 

lower rolling resistance), and electric is produced effectively, especially if produced from renewable 

sources. The best solution offers metro. 

 

However, those integral and systematic solutions seek a huge and long term investments, which in 

most of urban regions of southern-east Europe will not be affordable for a longer period. This not 

means that convenient solutions are not affordable. 

 

MEASURES FOR REDUCING OF POLLUTIONS IN URBAN TRANSPORT  

 

Bus transport is a dominant transport solution for most urban areas in south-east European countries 

and that will be not changed at least in next ten years. It doesnôt mean that convenient solutions are not 

affordable. This not means that convenient solutions are not affordable. Even, with relatively small 

investments and optimizing of bus transport could be achieved fairly acceptable ecologic solutions for 

minimising of harmful and deleteriously pollutions: emissions of carbon dioxide (CO2), carbon 

monoxide (CO), nitrogen oxides (NOx), hydrocarbons (CnHm).  
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All could be achieved with following three activities: 

 improvement of road infrastructure 

 improvement in organisation of urban transport 

 implementation of ecological advances and environmental friendly buses 

 

Improvement of road infrastructure is a first key factor in minimising of pollutions, especially by 

reducing of arrests in traffic and increasing of average speed. The most important is avoidance of road 

congestions and blockades by separate levelling of critical road intersections, and increasing of road 

capacity. 

 

Reparation of road surface is very important for increasing of roughness in order to increase the tyre 

adhesion (coefficient of friction) and active safety: shortening of braking distance, avoidance of tyre 

slipping. Minimising of the road imperfections (mounts, swales, holes...) is also important to enable 

the use of low friction resistance tyres, with low deformability and high rigidity, with characteristic 

similar to the rail wheels. 

 

Improving of traffic organisation is a second important factor and the best results could be achieved by 

separating the beginnings and endings of working and school  times for the biggest groups of citizen, 

that use public and private transport. For that reason is important to optimize the regulation of traffic 

lights on critical road intersections, or to control them directly. 

 

Previous two factors should be enclosed by integral traffic study which includes the adaptation of all 

the aspects of urban activities and life to increasing the efficiency and reducing the traffic crowds in 

peak periods. 

 

This paper is focused on the third factor - implementing of environmental friendly buses with Euro 6 

eco-norm diesel engines, underlining that best results are possible by optimising and optimising the 

other two factors, and in synergy of all three factors. 

 

CHARACTERISTICS OF ENVIRONMENTAL FRIENFLY BUSES  

 

Performances, efficiency and ecological characteristics of modern buses are achieved by two main 

measures: 

 

Reducing of urban buses driving resistances  

 

On each motor vehicle while driving act five main driving resistances: roll resistance, air resistance, 

inertia resistance (acceleration), climbing resistance and resistance in transmission. On vehicles for 

urban transport dominant are roll resistance (depends of vehicle mass and roll resistance factor), and 

inertia resistance (depends of acceleration and mass). 

 

Air resistance is on vehicle for urban transport irrelevant, as depends of square speed and at low speed, 

in total resistance participate with less than one percent. Climbing resistance is unavoidable and 

depends of terrain configuration. Transmission resistance is reduced with optimal construction of 

transmission mechanism, especially by reducing of internal friction and other internal losses 

 

So, for ecological characteristics in urban areas the roll and inertia resistance are the most dominant 

with two influence factors: mass and roll resistance factor. Mass is reduced by optimizing of vehicle 

construction with higher content of high tensile steel, light metals, polymer materials and special 

material such as CFRP (carbon-fibre-reinforced-polymer). Roll resistance factor is reduced by using of 

ógreenô tyres with low roll resistance. 
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Increasing efficiency of urban busses diesel engines 
 

Increasing efficiency of modern diesel engines, by simultaneous reducing of fuel consumption and 

emissions are achieved by following measures in motor construction: 

 

Increasing of injection pressure and precision 

 

Fourth generation of common-rail injection system in modern diesel engines uses piezo-injectors, 

which enables the increasing pressure to more than 2000 bar and precision of fuel injection. By 

optimising the injection process in three phases (pre-injection or pilot-injection, main injection, post 

injection) in up to ten separate impulses, self igniting of fuel and whole process of fuel injection is 

improved. This brings advances in reducing of fuel consumptions and emissions, and improving of 

engine performances 

 

Homogeneous fuel-air mixture  

 

For maximal diesel engine efficiency is important to improve the homogeneity of fuel-air mixture. 

Completely and correctly combustion in each part of cylinder could be achieved if everywhere is 

achieved stoichiometric air-fuel ratio: 14,5:1. Actual diesel engines use in average 1/3 of air more to 

assure that every drop of fuel, which is individual source of ignition, acquire enough amount of 

oxygen. The whole process will never be completely homogeneous, always would be some areas with 

more, and some with less oxygen. First leads to emission of nitrogen oxides (NOx), and second to 

emission of hydrocarbons (CnHm) and carbon monoxide (CO), By precious regulation of injection, 

according to engine speed, load and temperature, and improving of piston and combustion chamber 

geometry homogeneity of mixture could be improved, with benefits in performances, consumption and 

emission. 

 

Cooling of the returned exhaust gases 

 

Cooling of exhaust gasses entering cylinder through EGR valve reduces amount of carcinogenic 

nitrogen oxides (NOx), for two reasons: creating of nitrogen oxides stimulate high temperatures and 

oxygen, and exhaust gasses reduces both. Their content could be higher than 60 percent, and their 

cooling stimulate both. Reduction of exhaust gas temperature for 10ÁC reduces content of NOx for 10 

percent and by increasing of their density is easier to achieve higher rate of returned exhaust gases. 

 

Regulation of compressed air intercooling 

 

By compressing in the second stroke intake air simultaneously raises itôs temperature and expand, what 

is inconvenient and decreases a mass that can be inserted in cylinder decreases. That is a reason to 

insert intercooler to cool the compressed air. However, standard cooling without regulation is adapted 

for average conditions - so in some working cycles is too  intensive, and in other too week. Therefore 

is important to adapt intensity of intercooling to load, speed and temperature of motor. This can be 

done by butterfly valves and regulators for directing a compressed air in bigger or smaller volume of 

cooler. Intercoolers with additional liquid cooling cold be adapted by regulating a speed of liquid 

pump. 

 

Selective regulation catalysator 

 

It is important to improve the technology of eliminate particulates (soot) from exhaust gases in filters 

of fungous silicon carbide - by arresting and short-time burning of particulates by precise injecting 

drops of fuel. The most important improvement is inserting of SRC (Selective Catalytic Reduction), 

with two stages. In first the most of nitrogen oxides are reduced to nitrogen. Remaining amount of 

nitrogen oxides are eliminated in second stage by inserting a urine-based fluid which generates 

ammonia (NH3). Result of reaction with remaining nitrogen oxides is nitrogen and water vapour. 
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HARMFUL AND DE LETERIOUSLY POLLUTIONS IN TRAFFIC  

 

Ecological norms in traffic 

 

First ecological norm Euro 1 was introduced in July 1992. For all the diesel engines content of carbon 

monoxide (CO) was limited to 2,72 g/km. Hydrocarbons (HnCm) and nitrogen oxides (NOx) were 

limited in total to 0,97 g/km, a and particulates (soot) to 0,14 g/km. Beginning of 1996 norm Euro 2 

was introduced  with limits 1 g/km CO, 0,70 g/kg HC+NOx (for direct injected engines0,90) and 0,08 

g/km for particulates (direct injected engines 0,10). Norms Euro 3, introduced 2000, limited CO to 

0,64, HC+NOx to 0,56, NOx to 0,50 and particulates to 0,05 g/km. Norm Euro 4, introduced 2005, 

limited CO emission to 0,50, HC+NOx to 0,30, NOx to 0,25 and particulates to 0,025 g/km. Actual 

Euro 5 norm has  same CO limit of 0,50, however NOx content is limited to 0,180, HC+NOx to 0,230, 

and particulates to 0,005. Euro 6 norm, predicted for September  2014 will have the same limit for CO 

and pollutions. However content of NOx is limited to only 0,080 g/km. That accents the importance of 

high quality combustion and precise after treatment  of exhaust gases. 

 

Reduction of pollutions in urban traffic 

 

By using of modern buses powered by Euro 6 diesel engines, the pollutions in urban traffic could be 

reduced to convenient level. This is the best solution for regions and areas without electro-powered 

transport network, and with limited investing sources. For that is important to solve problems in areas 

with low traffic capacity or huge crowds and to improve a capacity of main roads.. Introducing of 

modern and environmental friendly busses, with targeted improvement of road infrastructure and 

optimisation of traffic regulation in rush hours can solve the most of traffic and environmental 

problems. This is the best solution with investments that are on disposal. 

  

CONCLUSION 

 

In urban areas without optimal traffic infrastructure, especially for electric powered vehicles for public 

transport (trolley-bus, tram, city-train, metro), and with limited investing resources and possibilities 

also could be achieved convenient ecological results, important for citizen in urban areas. The best 

results, with limited investments could be achieved by targeted improvement of critical traffic areas, 

by separate levelling of critical road intersections, and increasing of road capacity, and simultaneous 

improvements in traffic regulation, together with stratification of beginnings and endings of working 

and school  times for the biggest groups of citizen that use public and private transport. For that reason 

is important to optimize the regulation of traffic lights on critical road intersections, or to control them 

directly. With those accessible improvements the implementing of environmental friendly buses with 

Euro 6 eco-norm diesel engines, could have the most convenient results with limited investments. 
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ABSTRACT 

 

Exhaust gases emitted by motor vehicles is one of the major air pollutants in urban areas due to the high 

concentration of vehicles with different driving modes. This paper presents the requirements, in the last twenty 

years, that were set to the constructor of internal combustion engine, manufacturers of conventional fuels and 

the use of alternative fuels in order to reduce pollutants in the exhaust gases of motor vehicles. In addition to 

technical design of engines, use fuel and lubricant higher quality level, it is necessary to take appropriate 

organizational measures at the level of individual urban areas in order to reduce emissions from passenger cars, 

commercial vehicles and public transport vehicles. 

 

Key words: urban areas, motor vehicles, emissions, exhaust gases. 

 

 

INTRODUCTION  

 

One of the greatest pollutant of human living and working environment is a combination passenger 

and commercial traffic. On exhaust emissions from motor vehicles the greatest impact have: 

- Technical solutions that are used in internal combustion engines, 

- Type of engine, 

- Type and quality of fuels, 

- Concentration of the vehicles in certain zones, 

- Conditions and driving modes, etc. 

 

Mass motorization of humanity that began the fifties led to the pollution of the big cities the exhaust 

gases emitted by motor cars and trucks. This is forcing lawmakers to seventies introduce legislation to 

limit emissions from motor vehicles. In light of the last decade of the twentieth century was marked by 

a series of legislative measures, which are accompanied by appropriate technical solutions, which 

attempt to reduce air pollution. 

 

Reducing the negative impact of motor vehicles on the environment generated by a number of 

constructional and technological innovations. Structural changes have included a number of changes 

in certain systems such as fuel system and air and improve the process of forming a mixture of fuel 

and air, changes in piston assemblies, improving the combustion process, the introduction of electronic 

systems, exhaust gas after treatment, the application of new materials, improving the lubrication 

system and cooling system, etc.. 

 

In order to preserve the environment most of the technological development in this area is focused on 

the structural changes the engine, setting stricter requirements for manufacturers of conventional fuels, 

and the use of alternative fuels in motor vehicles. 

 

This paper presents the legislation, technical solutions to reduce emissions, the importance of the 

traffic in the urban areas and the effects of using alternative fuels in motor vehicles in order to protect 

human health and working environment. 
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REGULATIONS EXHAUST EMISSIONS  

 

Road traffic and harmful components in the exhaust gas cars and trucks significantly affect the 

environment pollution. This problem is especially pronounced in urban areas, where a relatively small 

area there is a large concentration of vehicles. 

 

In addition to satisfying application requirements of the internal combustion engines of motor 

vehicles, today in the modern world the priority requirements relating to the protection of human 

health and environment. When it comes to this issue are three main factors that contribute significantly 

to reducing the negative impact of motor vehicles on the environment: 

- Extended oil change intervals, 

- Fuel economy and 

- Reduction of emissions. 

 

Extension of change interval is achieved primarily by using high quality engine oil. To extend oil 

drain intervals influenced improved construction solutions and the use of new construction materials 

in the manufacture of internal combustion engines. Extension of the period of replacement is achieved 

by applying oils having outstanding thermo-oxidative properties, low volatility and less degradation of 

reserve alkalinity. 

 

Fuel economy and its greater utilization reduces the amount of pollutants emitted into the atmosphere. 

Reduction of fuel consumption has contributed to modern technology and design of the engine, such 

as a system for direct fuel injection. Significant fuel savings is achieved by applying low-flow engine 

oil viscosity grades SAE 0W-30 and 5W-30 and use multigrade oil for the transmission and 

differential viscosity grades SAE 75W-90. 

 

Requires the introduction of the EURO emission standards and their strict application significantly 

reduced pollution, primarily in urban areas. Table 1 presents the requirements of EURO emissions for 

gasoline and diesel engines used in passenger cars. 

 

Table 1: EURO regulations on exhaust emissions of engines of passenger cars 

Regulation 
Start the 

application 

CO, 

g/km 

HC, 

g/km 

HC & 

NOx, 

g/km 

NOx, 

g/km 

Solid 

particles, 

g/km 

 Gasoline engine 

EURO I july 1992. 3,16 - 1,13 - - 

EURO II january 1996. 2,20 - 0,50 - - 

EURO III january 2000. 2,30 0,20 - 0,15 - 

EURO IV january 2005. 1,00 0,10 - 0,08 - 

EURO V september 2009. 1,00 0,10 - 0,06 0,005 

EURO VI september 2014. 1,00 0,10 - 0,06 0,005 

 Diesel engine 

EURO I july 1992. 3,16 - 1,13 - 0,18 

EURO II january 1996. 1,00 - 0,70 - 0,08 

EURO III january 2000. 0,64 - 0,56 0,50 0,05 

EURO IV january 2005. 0,50 - 0,30 0,25 0,025 

EURO V september 2009. 0,50 - 0,23 0,18 0,005 

EURO VI september 2014. 0,50 - 0,17 0,08 0,005 

 
From Table 1. it can be seen that the maximum concentration of pollutant in the exhaust manifold 

reduced to the originally permitted value. 
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TEHNICAL SOLUTION OF THE EXHAUST SYSTEM  

 

In order to reduce emissions from motor vehicles in the European Union are set increasingly stringent 

demands on the designers of internal combustion engines, fuel and lubricant manufacturers. 

 

To the composition and quantity of emissions was under control, the inevitable were some changes in 

the engine design. These changes were related to the treatment system for combustion of fuel, and 

introduced turbochargers and air coolers, so. intercooler. These changes in engine designs reduce the 

environmental impact of exhaust gases, it was possible to a certain level, which was not satisfactory. 

Then the producer of fuel required to complete the reconstruction of facilities in order to improve the 

quality of fuel. Due to the chemical composition of the fuel options for improving the quality were 

limited. 

 

Constructors are further changes in engine designs on systems processing emissions to the desired 

level. Gasoline engines operating with stoichiometric mixture at ɚ = 1 is used for the treatment of 

three-component catalyst that reduces the content of CO, HC and NOx, while those with poorer 

mixture (ɚmax = 3) using an absorption catalyst to further reduce NOx. Figure 1. shows the system for 

processing exhaust gases of gasoline engines with two catalytic converters that meet Euro 6 

regulations. 

 

 
 

Figure 1. The system for processing exhaust gases of gasoline engines that meets the 

EURO 6 regulations [1] 

 

Systems for exhaust aftertreatment for diesel engines are sensitive to the composition of the fuel, so it 

was necessary to significantly reduce the sulfur content in the fuel. Since diesel engines operate with 

lean mixture at ɚ > 1 is almost complete combustion and emissions of CO and HC are low. The main 

problem is the particulate matter (soot) and nitrogen oxides (NOx). For the reduction of nitrogen 

oxides in the exhaust gases of diesel engines, used oxidation catalyst DOC (Diesel Catalyst 

oxydation). Since these engines are operated with high excess air ratio, three-component catalyst used 

in gasoline engines can not meet the requirements for reduction of nitrogen oxides. To reduce the 

amount of particles used in particle filter DPF (Diesel Particulate Filter), and the reduction of nitrogen 

oxide device refund part of exhaust gases in the intake EGR (Exhaust Gas Recirculation) or more 

efficient device based on the principle of selective catalytic reduction SCR (Selective Catalytic 
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reduction). Figure 2 shows the system for processing exhaust gas of diesel engines that meet Euro 5 

regulations. 

 
Figure 2. The system for processing exhaust gases of diesel engines that meet Euro 5 regulations: 

1 - container of dissolved urea (AdBlue), 2 - temperature sensor, 3 - fullness tank sensor, 

4 - module for air intake, 5 - controller, 6 - module for dispensing, 7 - container for air, 

8 - temperature sensor, 9 - control emissions, 10 - air supply, 

11 - surfaced exhaust, 12 - pipe diffuser 

 

Oxidation catalyst (DOC) is used to cutback amounts of nitrogen oxides in the exhaust pipe systems 

for combustion, exhaust particulate filter (DPF) for the temporary retention of particles and subsequent 

combustion and SCR catalyst and ASC (Selective Catalytic Reduction and Ammonia Slip Catalyst) 

for NOx reduction.  

Figure 3. shows the system for processing emissions diesel engine that meets Euro 6 regulations. 

 

 
 

Figure 3. The system for processing exhaust gases of diesel engines that meet Euro 6 

regulations [2] 
 

In addition to these innovative designs equipment to reduce emissions of internal combustion engines 

of passenger cars and commercial vehicles, can also be applied to some non-conventional solutions 

based on the use of alternative fuels. 

 

REDUCE EMISSIONS USING ALTERNATIVE FUELS  

 

Daily reduction of natural fossil fuel reserves, and the never-ending rise in the cost of their operation 

causes more intensive research to using alternative energy sources for vehicles. In this way, most of 
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the reduced imports of crude oil and petroleum products and also help to reduce the emission of toxic 

substances that are released by burning her. 

 

The alternative fuel powered internal combustion engine includes all fuels except gasoline and diesel 

fuel, which can effectively burn in the engine and having the possibility of mass production (eg. 

natural gas, methanol, ethanol, hydrogen, biofuels). To an alternative fuel successfully applied to drive 

passenger cars and commercial vehicles need to be met a number of conditions. The basic criteria 

essential for evaluating the applicability of alternative fuels for powering internal combustion engines 

are: 

- Emissions, 

- Fuel consumption, 

- The price of alternative fuels, 

- Performance vehicles powered by alternative fuel, 

- Conversion costs or production vehicles, 

- The method and the possibility of storing fuel in the vehicle (tank for alternative fuels), 

- Rechargeable fuel vehicles and the necessary infrastructure, 

- General safety and security vehicles, etc. 

 

Alternative fuels that are now in the implementation of the operation of internal combustion engines 

are: 

- Alcohol fuels (methanol and ethanol), 

- Liquefied petroleum gas (LPG), 

- Natural gas, 

- Vegetable oils, 

- Hydrogen, etc. 

 

All the above alternative fuels, due to the relatively simple chemical structure compared to gasoline 

and diesel fuel, have the potential to reduce emissions of harmful components in the exhaust gases. 

Due to the smaller contents of carbon atoms, the combustion of alternative fuels produced a small 

amount of carbon dioxide, and hydrogen in the use of carbon dioxide derived exclusively from 

burning oil for lubrication. It is important to emphasize that the use of alternative fuels can not fully 

achieve so. "Zero" emissions of harmful exhaust gases by the structure of the hydrocarbon fuel and 

engine design that requires a degree of lubrication. Figure 4. gives a comparative view of exhaust 

gases in the event of the application of conventional fossil and alternative fuels in motor vehicles. 

 

 
 

Figure 4. Exhaust emissions in the case of application of conventional fossil and alternative fuels in 

motor vehicles [3] 
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It can be concluded that the composition of the fuel burns in an engine has a direct impact on 

emissions. 

 

ORGANIZATION OF TRANSPORTATION IN URBAN AREAS  

 

Organization of transport in urban areas, and the use of alternative forms of transportation is one of the 

ways in which it can affect the reduction of pollutant emission. Within the European Union was 

followed by a number of activities to define and implement appropriate traffic policies through the so-

called Green Paper (Green Paper), which seeks to solve the most important problems in Europe in the 

field of air caused by emissions from motor vehicles. 

 

Measures that the state or local and regional governments can take to reduce air pollution arising from 

usage of motor vehicles are: 

 Allocate more funds to improve public transport (tram especially in cities that have it), 

 Allocate more funds for the construction of bike paths and promoting their use, 

 Use alternative fuels in public transport, 

 To invest in the development of railway transport, maritime and inland waterway transport 

and divert more traffic to these branches, 

 Restrict or prohibit the use of motor vehicles in a certain area (the zones of Environmental 

Protection). 

 

Besides the above mentioned features there are more solutions to reduce the content of harmful 

components in the exhaust gases resulting from the combustion of fuel in motor vehicles, such as: 

 Setting the ramp for a total ban on traffic in the central city areas, except for vehicles used for 

intervention delivery; 

 Provision of funds from the city and the municipal budget to subsidize taxi-drivers; 

 Reducing the number of passenger vehicles in the overall traffic flow; 

 The introduction of tighter controls on roadworthiness and exhaust emissions; 

 Continuous modernization and defects in vehicles of public transportation; 

 Continuous promotion of public transport and work to improve the relationship with 

customers; 

 Consistent application of legislation in the field of transport; 

 The introduction of electric drive vehicles close in the city center. 

 

CONCLUSION 

 

Exhaust gases emitted by motor vehicles is one of the major air pollutants in urban areas. Presented 

with requests in the last twenty years, the designers placed the internal combustion engine, 

manufacturers of conventional fuels and the results of the use of alternative fuels in order to reduce 

pollutants in the exhaust gases of motor vehicles.  

 

In addition to technical training engines use fuels higher quality level necessary to take appropriate 

organizational measures at the level of individual settlements in order to reduce emissions from 

passenger cars, commercial vehicles and public transport vehicles. Traffic in urban areas should be 

organized in such a way to meet the needs of all interested parties, to be safe and secure, friendly, and 

efficient economic stimulus, and to exercise a minimal negative impact on the environment. 
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ABSTRACT 

 

When the breakdown of the conductive tubes with inflammable gas or liquid happens, a cloud of inflammable 

explosive particles is being released. In this paper, we analyze the density distribution of such clouds. The model 

describing such a distribution is presented in this paper. All  components are linearly dependent on a single 

spatial coefficient. The conclusion is that the destructive effects of the explosive clouds can be reduced by 

increasing the pressure in the room. Considering the fact that the explosion at certain height of the room creates 

a smaller damage than the explosion at the ground level of the room, by increasing the pressure of the air at the 

ground it can be obtained that the explosive cloud is lifted to a relatively safe level. Simply, at the moment of the 

explosion, it is necessary to increase the pressure at the ground level by means of opening pipes (creating high 

pressure)  or a tubes with compressed air, similar to car air bags. 

 

Key words: inflammable and explosive cloud, diffusion, increasing the air pressure. 

 
 

The model which will be presented can be used for the analysis of a clouds of combustible and 

explosive particles [1-3]. In this paper, a certain density of such clouds and parameters that lead to the 

minimum thickness. 

 

In theory, the air pollution, we started with equation [4]: 
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where R - the density of air pollution, U - wind speed, Ŭ, ɓ, ɔ - the speed of diffusion along the x, y and 

z axes respectively. 

Component diffusion coefficients are: xSxSxS zyx ,, . 

 

 

Density we searches in the form: 
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Substituting (2) into (1) we obtain: 
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Then we have:   
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If we take the: 
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Whence, dividing by - ūWx, we obtain: 
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Dividing the first equation of system (7) with Ŭ and introduction of sign of ɟ = 1 - (I / Ŭ), we obtain: 
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For ū = Aa, we obtain:  
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How then 
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If you take that 
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For ɛ = m and applied Gaussian functions, we obtain: 
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Speed of diffusion along the x, y and y-axis are related to the total rate of diffusion as: 
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In order ɚ from equation (12) was equal to the whole number n, the condition must be satisfied: 
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Continue to search solutions for the function Wn (y, z) = Wn (y) Wn (z) where: 
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If we assume that: ɜ/ɋ = 5 i Ly = Lz = 10 m, we get: 
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Substituting (16) and (17) into (5) and in (3) for the initial state (Ű = 0), when the mass or density of 

the time-dependent, we get e 
ï  ɋ t 

= 1, and the final expression for density: 
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Taking into account the last expression - the formula (18) as a reference [5] made a table which shows 

the density dependence of air pollution clouds in the initial moment of time and the value of the unit of 

mass (Table 1) and table diffusion density for different values of masses ejected during the explosion 

(Table 2): 
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Table 1: The dependence of density clouds of air pollution 

n f(n) Wn(m) ūn(m) Vn(m
3
) Rn[kg/m

3
]Ā10

-4
 

0 2 1,4327 10 20,534 0,0488 

1 5 7,0807 50 0,251 3,989 

2 8 5,4774 160 0,480 2,0832 

3 11 4,2409 320,001 0,575 1,7375 

10 32 1,5498 2951,304 0,709 1,4107 

15 47 1,0598 6450,562 0,724 1,3802 

20 62 0,8047 11299,779 0,732 1,3667 

 

Table 2: Densities of diffusion for different values of the mass 

n M = 1Ā10
-4 

kg 
M = 2,54Ā10

2 

kg 

M = 1,2Ā10
3 

kg 

M = 4,5Ā10
3 

kg 

M = 1,2Ā10
4 

kg 

M = 

1,2Ā10
4 
kg 

0 0,487 12,370 58,44 2,1915 584,4 3360,3 

1 0,3989 0,101 0,479 1,795 4,787 27,524 

2 0,20832 0,0529 0,250 0,937 2,4998 14,374 

3 1,7375 0,0441 0,208 0,782 2,085 11,989 

10 1,4107 0,0358 0,169 0,635 1,693 9,734 

15 1,3802 0,0351 0,1656 0,621 1,565 9,523 

20 1,3667 0,0347 0,164 0,615 1,640 9,430 

 

CONCLUSION 

 

In paper is shown that a decline in density over time means a decrease in the value of gas mass ejected 

in the time. For the initial state (Ű = 0) the mass and density does not depend on the time. Increasing 

the diffusion coefficient increases the volume and decreases density. 

 

This can be achieved by increasing the pressure in the room, inserting at the space of some quantity of 

gas so as to obtain a mixture which increasing of the diffusion. 

 

There is no absolutely safe concentration of explosive and inflammable particles (explosive - 

inflammable cloud), but it is certain that you can achieve that it will always be less than the density of 

air. In this way, explosive and flammable cloud goes to the height and the explosion at a sufficiently 

great height can cause little destruction and little damage. Denser and heavier-than-air cloud is 

certainly the most dangerous. 
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ABSTRACT 

 

Typical pollutants can include gases which are present in every urban area and near power plants. Among these 

substances the most common and most harmful to human health is sulphur dioxide. This study analyzes the 

distribution of the ground concentration of sulphur dioxide from the stationary point sources for different 

heights of chimneys and different powers of sources in conditions of stable and unstable atmospheric conditions. 

The distribution of concentration is calculated 24 hours after the release of sulphur dioxide into the atmosphere. 

The results are compared with the legally permissible concentrations. The distribution of the concentration is 

determined according to Gaussian mathematical model. 

 

Key words: sulphur dioxide, air pollution, distribution of concentration, Gaussian mathematical model. 

 

 

INTRODUCTION  

 

Clean air is practically not found in nature. It is contaminated by numerous substances caused by 

human activities. Any change in the composition and condition of the air crossing the border of 

adaptability of human body, leading to his disease, is called air pollution. 

 Sources of air pollution can be divided into (Tiwary, 2010): 

 Natural sources of pollution 

 Anthropogenic sources of pollution 

 

Natural sources of pollution have always been present in biosphere and these include: 

 deflation- dispersion of soil and sand (especially increased in the deserts and forest-steppe 

zones) 

 smoke of forest and steppe fires (contains CO, soot, pitch, tar and more) 

 volcanoes- with strong eruptions they emit huge amounts of dust, gases of SO2, CO2 etc. 

 mineral and thermal springs- they can emit CO2, H2S, methane, etc 

 cosmic dust, which is believed to be radioactive 

 surface of the ocean can be a source of  CO2, CO, H2S, chloride etc.   

 natural disasters can be accompanied by significant emissions of air pollutants 

 storms 

 earthquakes 

  

Anthropogenic sources of pollution can be divided into:  

 stationary or point sources 

 mobile sources 

 

Up to now hundreds of pollution substances have been identified, and we should certainly point out a 

possibility of creating new ones, so far unknown compounds, under the influence of solar radiation 

and electric discharges (Jaĺimovski, 2012). 
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Typical pollutants include those gases which occur in every urban area and near thermal power plants. 

The most common pollutants and sources of pollution are given in the Table 1:  

 

Table 1: Pollution substances and sources of pollution 
 

Pollution substance Main source of pollution 

Sulphur dioxide SO2 Combustion of coal, oil, heavy and non-ferrous 

metallurgy 

Hydrogen sulfide H2S Chemical processes, refinery 

Carbon monoxide CO Combustion, engines  SUS 

Oxides of nitrogen NOx Combustion, engines  SUS 

Cn Hn+2 Evaporation of liquid fluids, exhaust gases 

Soot Combustion 

Suspended particles Technological processes, quarry, cement-works 

Volatile organic compounds Chemical processes, oil process, distribution of petrol 

 

Air pollution can be transported over long distances in relation to the source. Distance depends on the 

speed of spreading (diffusion) of contaminated air mass and of the speed of  sedimentation 

(deposition) of the contaminated matter. 

 

Changes in air polluted with smoke containing components, in the course of the year depend on 

various factors, such as:  

 meteorological conditions 

 size of the urban area 

 location of measuring point 

 the terrain 

 the influence of vegetation, especially forests and  

 other physiographical conditions 

 

SULPHURDIOXIDE  

 

It is significant to identify certain kinds of pollutants and their sources. Among these substances the 

most common and most harmful to human health is sulphur dioxide. A great amount of sulphur 

dioxide is released from the chimneys of thermal power plants accompanied by other harmful 

substances.  

Sulphur compounds, as a polluting admixtures, emit into the atmosphere: 

 natural processes which lead to the emission of sulphur compounds and 

 anthropogenic processes which lead to the emission of sulphur compounds. 

 

Out of natural systems (atmosphere, biosphere, ocean systems) comes the emission of the following 

compounds: H2S, COS, CS2, DMS, SO2, various sulphates and mercaptan.  

 

Oceans and seas are regarded as the main natural emitters of sulphur dioxide (H2S). The sources of 

sulphur dioxide (SO2) are oceans and seas, as a result of the oxidation of the emitted  sulpfur dioxide 

compounds. 

Anthropogenic emission of sulphur compounds is at its biggest volume over sulphur dioxide. The 

most important source of sulphur dioxide, appearing in the atmosphere, are plants for burning fossil 

fuels, especially coal.   

 

The concentration of sulphur dioxide in the atmosphere of urban and industrial areas is larger than in 

non-urban area. 

 

All the sulphur emitted into the atmosphere returns again, through sulphuric acid, sulphates and other 

sulphur compounds, on the earthôs surface. The most controlled are emissions of SO2 of non-
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cancerous group and soot of cancerous group and complete sedimentary substances.  These can be 

regarded as indicators of air pollution. Sulphur dioxide appears as a product of sulphur combustion in 

fossil fuels. It is a strong-smelling gas, heavier than air.  Its toxicity increases in conditions of 

increased humidity due to creating sulphuric acid. According to the latest findings, the oxidation 

products of SO2 in the air are even more toxic than  SO2 itself. Soot is produced by burning fossil 

fuels. These are fine, small particles of about 5 microns. They float in the air and act as a gas. They 

contain toxic and cancerous substances. Sedimentary substances are particles of solid fuel, ash, road 

dust which fall on the ground due to its weight. Precipitations with the pH value beneath 5,6 are called 

acid precipitations (ñacid rainsñ). 

 

Sulphor which becomes a part of the fuel (coal,oil) burns forming oxides: 

S+O2=SO2 

 

To a lesser extent further oxidation is implemented: 

SO2+1/2O2=SO3 

 

Sulphor dioxide and sulphor trioxide accompanied by the suspended particles and humidity have the 

most harmful effect on humans, living organisms and material goods.  Sulphor dioxide is a colourless 

gas which does not burn, whose scent feels in the air at the concentration  of 
60.3 1.0 10 , and at the 

concentration bigger than 
63.0 10 sulphor dioxide has a pungent irritating odour. Sulphor dioxide in 

the mixture with solid particles and sulphuric acid (which has a larger irritating effect than sulphor 

dioxide) at the average annual concentration of 
60.04 0.09 10 and at the smoke concentration of 

3150 200 /g m leads to the symptoms of shortness of breath and lung disease, and at the average 

daily concentration of 
60.2 0.5 10  and smoke concentration of 

3500 700 /g m you can see the 

sudden growth of the sick and deaths. At the concentration of sulphor dioxide of 
60.3 0.5 10  

within a few days chronic illness of leaf plants appears (particularly spinach, lettuce, cotton and 

alfalfa) as well as it appears with needles of conifers. 

 

Sulphur oxides cause acid rains to appear. Chemical reaction that gives rise to acid rains is given as: 

SO2 + ʅ2ʆ = ʅ2 Sʆ3, 

SO3 + ʅ2ʆ = ʅ2 Sʆ4. 

 
GAUSSIAN MODEL OF DISTRIBUTION OF  AIR POLLUTION CONCENTRATION  

 

Scattering particles in the atmosphere is related to atmospheric turbulence and is accomplished by 

molecular and turbulent diffusion (ɹʝʨʣʷʥʜ, 1975). In addition, turbulent diffusion has the essential 

role while the role of molecular diffusion is negligible. Turbulent diffusion has two components, 

thermal and dynamic. Thermal diffusion is connected to vertical temperature gradient of air and 

produces so called convective turbulence.  Dynamic diffusion accomplishes mechanical turbulence 

and is produced during the movement of air masses affected by wind. In the lower layers of 

troposphere1 it increases under the influence of relief and is not connected to the temperature gradient. 

 

Sources of air pollution of business entities are stationary, when the source coordinates do not change 

over time and non-stationary such as motor transport. Sources of air pollution can be: point, linear and 

outdoor.  Point sources are the ones  which are concentrated on one spot such as chimneys, vents etc. 

Linear sources have distinct length, like highways etc.  Outdoor sources are distributed over the 

surface, such as forest fires.  

 

Depending on the height of the hole (H) through which air pollution is emitted, sources can be divided 

into four classes (ɹʝʨʣʷʥʜ, 1985) 

High sources (ʅÓ 50 m); 

                                                 
1 Troposphere  (up to 11 km) ïthe lowest layer of atmosphere 
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Middle sources (ʅ= 10 é 50 m); 

Low sources (ʅ =2 é 10 m); 

Ground sources (ʅÒ 2 m). 

 

Major part of pollutants is concentrated in the ground layer of atmosphere up to the height of several 

meters above the earthôs surface. 

 

One of the most used models for calculating air pollution is Gaussian air pollution model that comes 

from stationary sources. In the basis of this model lies an assumption that the pollutants in the 

atmosphere are distributed according to Gaussian normal distribution. 

 

Similar calculating method is recommended in the USA by the  Environmental protection agency and 

it has a normative character  (Lazaridis, 2011). 

 

Models of this type are suitable for both short-term and long-term forecasts of air pollution. Short-term 

forecasts are executed by a model which calculates the map of pollution for a period of time during 

which meteorological conditions are stable. The same models can be used for long-term forecasts if 

the observed time period can be divided into quasistable meteorological conditions. This kind of 

approach may demand certain calculation difficulties, especially when you must determine  annual 

average concentration for a large number of sources of air pollution. The distribution of concentration 

can be found by direct solving of the equation of turbulent diffusion (Toġiĺ, 1982).  

 

According to Gaussian model the concentration of light pollutants is determined according to (Cranck, 

1975; Mʘʨʯʫʢ,1982): 
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2
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2
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where 
2

y
, 

2

z . ï dispersions that characterize Gaussian distribution of the axes  y and axes z, Q ï 

mass flow of pollutants from stationary source (chimney), u- wind speed, H- effective height of 

chimney2. According to the concrete calculation, dimensions y , z (for distances from 100 to 10
4
 

m) are approximated as follows: 

Numbers ʘ, b, ʩ i d, are taken from the following chart  (Pasquill, 1983): 

Table 2: Calculation parameters 

 

 

 

 

 

 

 

 

Gaussian model is an idealization with the following limitations (Sportisse, 2008): 

1) it can be applied only to flat and open surface 

2) it is difficult to include the influence of the obstacles which the smoke column encounters 

3) meteorological conditions and conditions of the earthôs surface are constant on the whole 

distance through which the cloud goes 

4) it is applied only to gases with the density close to the density of air 

5) it necessarily presupposes the existence of the wind at the speed of ʠ > 1 m/s. 

 

                                                 
2 Effective height of chimney is the sum of actual height of chimney and maximum height of smoke column 

above the chimney  

  ʘ b ʩ D   ʘ b ʩ d 

Very 

unstable 

(ɸ) 0,527 0,865 0,28 0,90 Neutral (D) 0,128 0,905 0,20 0,76 

Unstable (ɺ) 0,371 0,866 0,23 0,85 Stable (ɽ) 0,098 0,902 0,15 0,73 

Weakly 

unstable 

(ʉ) 0,209 0,897 0,22 0,80 Very stable (F) 0,065 0,902 0,12 0,67 
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Figure 1. Display of parameters of  Gaussian model of pollutants spreading from the source 

 

ILLUSTRATIVE EXAMPLE  

 

As an example of calculation we can take one metallurgical combine which  processes 1000 

tons of copper-chalcopyrite ore (Tasiĺ, 2007). We shall assume that the atmospheric 

conditions are neutral and that the wind blows at speed of 3 m/s at the height of 10 m. Using 

the  Gaussian model of spreading air pollution we can calculate the disttribution of the 

concentration of sulphur dioxide depending on the height of the chimney for neutral weather 

conditions. Likewise, we can determine the distribution of the concentration depending on the 

size of the mass flow for neutral weather conditions as well as the distribution of the 

concentration depending on different weather conditions.  

 

Releasing SO2 into the atmosphere is a result of technological processing of the ore which is 

described by  the following chemical reaction: 

2 2 2 24 11 4 2 10CuFeS O FeO Cu O SO (3) 

ie.   every 4 moles of ore  take 10 moles of gas, which means that   1 mole of ore  takes 2,5 

moles of gas . Molar mass of ore is  183,52 g/mole,and molar mass of sulphur dioxide ï 64,07 

g/mole. Then you can abstract for one day  2,5 x 4,07 x 1000/183,52=872,79 tons or 10101,77 

g/s. Concentration C of released gas wil be calculated according to the following formula: 

2

2

2
exp)0,0,(

zzy

H

u

Q
xC  

(4) 

 

where we want to know the ground concentration in the direction of the wind blowing, that is 

the x axis. The wind speed u is determined by the formula (ʉʪʝʧʘʥʝʥʢʦ, 2008): 

1

1

H
u u

z
 

(5) 

 

where z1=10 m, u1 ïwind speed at the height of 10 m. 

For neutral atmospheric conditions  is 0.9050.128 ; ; 0.5y z yx . 

We want to know the distribution of the ground concentration of SO2 for different heights of 

chimneys, maximum concentration, distance at which the maximum concentration can be 

reached, as well as the area in which the concentration of  SO2  is above the legally permitted 

(Tiwary, 2010). 
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The results obtained by applying the Gaussian model to a given example are presented in the 

table and figures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure2. Distribution of concentration in the function of distance from the source for different 

chimney heights: 1) H=50 m;2)  H=100 m; 3) H=150 m ; 4) H=200 m 

 

 
 

Figure 3. Common display of spreading of concentration for different chimney heights 

1) H=50 m;2)  H=100 m; 3) H=150 m ; 4) H=200 m 

 

Table 3: Distances of maximum concentrations, limit value of the concentration and the zone in which 

the concentration is above the limitted one 

 

 xmax (m) Cmax(g/m
3
) Cborder (g/m

3
) xmin(m)-

xmax(m) 

H=50 m 1012,88 0,032 0,00015 257-59218 

H=100 m 2463,17 0,0039 0,00015 775-37672 

H=150 m 4142,39 0,0011 0,00015 1563-28397 

H=200 m 5990,04 0,00049 0,00015 2723-22470 
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Figure 4. 3D display of functional dependence  C(x,0,z)  
 

Also, the analysis of  the concentration dependence on  the distance for different mass source flows 

and for different meteorological conditions. Concentration dependence on the distance for different 

mass source flows is presented in Figure 5. 
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Figure 5. Concentration dependence of SiO2 on the distance for different source flows and the for the 

same chimney height-blue line corresponds to the source power 1.5 times greater than the basic  (red 

line), and the black line corresponds to the source power 2 times greater than the basic 
 

Dependence of the concentration of the air pollution on the distance of the source for different 

meteorological conditions is presented in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Dependence of concentration of  SiO2 on the distance of the source for different weather 

conditions- black line corresponds to unstable conditions, blue to the neutral and red to the stable 

ones 

 

All calculations were performed by the software package  Mathematica 9. 
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CONCLUSION 

 

This study has analysed one of the most common air pollutants, and that is sulphur dioxide which 

comes into the atmosphere either by combustion of different fuels or procession of ores in industrial 

units. Spreading of sulphur dioxide into the atmosphere during the processing of copper-chalcopyrite 

ore was taken as an example which illustrated the use of Gaussian model for calculating air pollution 

and finding the ground concentration in  the situation of stable weather conditions. Although every 

model necessarily stands for appropriate simplifications, it is obvious that mathematical moulding of 

pollutantôs spreading into the atmosphere can be calculated relatively fast (up to 24 hours), assessment 

of spreading and the size of the concentration thereof. Calculations were made for different heights of 

stationary point source (chimney). Also, it can be estimated at what distance the maximum 

concentration will be and what its value will be. Besides, you can find a zone in which the 

concentration is above the legally permitted. 

The given example shows that the lower the height of the chimney is, the bigger the ground 

concentration becomes. Also, the pollutant concentration is above the limitted in the wider area as the 

height of the chimeny gets lower. With the increase of the chimney height, maximum concentration is 

shifted to larger distances from the chimneys and at the same time the concentration maximums have a 

lower value.  

 

Figure 5 shows that the larger the mass source flow gets, the greater the maximum concentration value 

gets, and concentration maximums are  moving away from the source. Figure 6  clearly shows that 

maximum values of concentration do not depend on weather conditions. Also, for bad weather 

conditions the concentration maximums are implemented closer to the source of the pollution. 

 

In further research these mathematical models could be implemented into actual systems, and with the 

data obtained by monitoring the specific area near the source of the pollution and with the use of the 

Geographic information system, you could get a powerful weapon for prevention and analysis of 

spreading harmful substances, which would help improve the quality of life in certain areas.  
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ABSTRACT 

 

Satisfactory level of air quality is one of key preconditions for the survival of all living organisms. Due to rapid 

industrial development, increased traffic and everyday use of toxic substances in industry, agriculture, health 

care, pharmacy and cosmetics, air pollution, particularly in urban areas, has become a serious global issue. The 

consequences of this environmental, legal, social, economic and medical problem are long-lasting and 

devastating. They affect environment as a whole and its integral parts ï air, water, soil, living organisms and the 

entire humankind, including future generations, and represent grave violations of human right of healthy living 

environment. Annual Reports of Environment Protection Agency show that air quality in the zone of the Republic 

of Serbia and its agglomerations of Beograd, Bor, Niġ and Novi Sad is assessed as ñover pollutedò, which 

means that tolerable values of one or more air pollutants have been exceeded in these areas, causing serious 

concern of experts and general public. The authors of this paper provide a brief overview of present state of air 

quality in Serbia, critically analyze current legislative framework for its protection and explain the mechanism 

of state reaction to the violation of legal provisions relevant to air protection. 

 
Key words: Air Quality, Environment, Pollution, Law, Protection. 

 

 

INTRODUCTION   
 

Air is one of three mediums of living environment for numerous organisms and appropriate oxygen 

level makes it the only surrounding where humans can survive. As a climatic, non-biotic ecological 

factor, air has an exceptional influence on some organisms and populations, as well as on ecosystem as 

a whole. Air comprises a mechanical mixture of gases, which envelops the Earth creating its 

atmosphere. It includes circa 4/5 of Nitrogen N2, 1/5 of Oxygen O2 and a small quantity of other 

gasses such as Argon Ar, Carbon-dioxide CO2, Neon Ne, Methane CH4, Ozone O3, water vapor and 

various impurities (Vig and Gajinov, 2011). In the lower layer of the atmosphere, where life is 

maintained and various organisms are surviving, the composition of the air is relatively stable. 

Unchanging chemical and physical characteristics of air are significant for normal functioning of all 

living organisms and clean air represents a precondition for healthy life of humans and entire 

ecosystems. But, the troubles appear when the balance of its ingredients is violated (Vig and Gajinov, 

2011). 

 

Significant modifications of airôs composition in the lower layer are usually of local character and are 

commonly caused by anthropogenic sources of pollution. However, in the past couple of decades, the 

modifications of air quality tend to go beyond local borders and obtain global character and 

importance. Intensive spreading of urban and industrial zones commenced in the times of industrial 

revolution. Nowadays, the highest concentration of human population can be measured in urban areas. 

In these artificial ecosystems, regular composition of air is altered because of an increasingly high 

percentage of air pollutants. These pollutants are launched into the atmosphere from industrial and 

communal complexes, car engines, cooling devices etc. Due to these sources of pollution, the air is 

filled with CO2, CH4, SO2, atmospheric oxidants (nitrate oxides NOx, O3 and secondary photo 

oxidants), chlorofluorocarbons CFCs (commonly known as freons), hydrogenous halides (HF, HCl, 

HBr, HI), as well as a large amount of dust and ashes. Increased concentration of these substances in 

inhabited industrial areas represents one of the signs of anthropogenic pollution of atmosphere. 
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Various gases and hard substances are mixed together circulating through air masses. Molecules of 

water keep these substances together, particularly during the winter, in the period of increased air 

humidity, causing dense layers of fog. These fogs and mists, combined with smoke arising from a 

multitude of industrial and other funnels represent typical features of large industrial urban centers. 

Due to sunlight and presence of ultraviolet UV radiation, a stratum of photo-chemical mist is also 

formed in the atmosphere that is over-polluted with car exhaust gases and smoke from car engines and 

industrial funnels, such as NOx at first place (Kerr and Seckmeyer, 2002). 

 

Deterioration of forests in the most developed industrial areas of Europe and North America, caused 

by direct effect of air pollutants and ñacid rainsò on over-ground parts of plants, particularly on the 

leaves in the canopy layer of the trees, has been taking place since the times of industrial revolution. 

Sulfuric compounds, primarily SO2, lead to these global changes caused by the effect of ñacid rainsò, 

that are extremely dangerous for living organisms, water, soil, architectural objects and monuments. 

Under these artificial atmospheric conditions, constant increase of the concentration of CO2, CFCs, 

CH4 and NOx leads to global planetary warming because it boosts the ñgreenhouse effectò. The latter 

may cause the harm of Earthôs thermal balance, melting of snows and glaciers, increase of sea and 

ocean level and flooding of coastal regions. At the same time, more and more natural habitats are 

being destroyed and left with scarce vegetation as the consequence of the process of anthropogenic use 

of plants and ñdesertificationò of landscapes, which all represent burning ecological issues of global 

importance. 

 

The symptomatology of damages caused by atmospheric pollutants is extremely diverse and 

nonspecific. A particular pollutant may produce different effects on different organisms, which 

depends on whether they are resistant or submissive to its influence and the presence of different 

pollutants may produce equal symptoms. Synergic effects of pollutants and specific climatic 

conditions of environment are also common (Stevanoviĺ and Jankoviĺ 2001). Polluted air causes 

extremely severe respiratory disturbance and may lead to the occurrence of bronchitis. The so called 

ñbadò or tropospheric ozone has a particularly harmful impact on human health. According to the data 

collected by The European Environmental Agency1, nearly 20,000 people per year die in Europe due 

to the consequences of harmful effects of ñbadò ozone. It is estimated that, the damage caused to 

European agriculture by the ñbadò ozone in 2000 was around 2.8 billion of Euros. The concentration 

of stratospheric or ñgoodò ozone is decreased by NOx and CFCs, disappearance of which produces a 

multitude of negative consequences. The level of UV radiation in the troposphere is increased 

(Dahlback, 2008), which affects human health (Norval, et al., 2007 ) and causes skin cancer, eye lens 

cataract, weakness of immune system, decrease of bio production, increase of greenhouse effect, 

damaging of some materials etc.2 Conservation and protection of air i.e. atmosphere contributes to the 

preservation of climate, which is considered one of fundamental strategic directions on a global level, 

together with the conservation of biodiversity. Accordingly, air protection is relevant to the 

conservation of all elements of living environment, which are closely interrelated and depend on each 

other. 

 

STATE OF AIR QUALITY IN  URBAN AREAS IN SERBIA 

 

Data presented in the Report on Air quality in Serbia for 2011, published by Environmental protection 

Agency in 2012, clearly show that there is reason for concern in this area of environmental protection. 

According to the findings of this national body in charge of monitoring air quality, total levels of 

various dangerous pollutants such as SO2, NO2 and powder substances have increased in comparison 

to their values from previous years. Namely, total amount of SOx released on the territory of Serbia 

was circa 7% bigger in 2011 than in 2010, total amount of released NOx increased for around 15% 

and an increase in total quantity of powder substances in the air was also detected. Thermal plant 

ñNikola Tesla Aò, electric power plant and mines ñKostolac Bò, thermal plant ñNikola Tesla Bò, 

                                                 
1See: http://www.eea.europa.eu/themes/air/air-quality/more-about-air-pollutants/ozone-1/impacts/costs-of-

ozone-pollution, 22.08.2013. 

2 See: http://www.ozonecell.com/viewsection.jsp?lang=0&id=0,165, 22.08.2013.   
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mines ñBor-Toponicaò, copper refinery ñBorò, thermal plant ñKolubaraò, thermal plant ñMoravaò and 

oil refinery ñPanļevoò are identified as the most active polluters since they keep emitting the largest 

quantities of these hazardous substances in our country. 

 

Exceeding of tolerable or limit annual value of pollutants was noted in 22 cases out of 124. In 12 

cases, there was an increase in the level of PM10, in 7 cases in the level of NO2 and in 3 cases in the 

level of SO2.These finding show that suspended particles PM10 represent dominant pollutants in 

Serbia, which means that the concentrations of suspended particles and NOx practically determine the 

quality of air in the Republic of Serbia. In accordance with the categorization of air into three 

categories, depending on its purity, which is set by the Law on Air Protection, the quality of air in 

Serbia, as a whole, can be described as the air of III category, which means over-polluted air. Air of III 

category or over-polluted air, containing suspended particles PM10 was identified in Kosjeriĺ, 

Smederevo and Panļevo, whereas over-polluted air containing intolerable amounts of other pollutants 

was found in Beograd, Bor, Niġ and Novi Sad. The air of I Category i.e. clean air was identified only 

at following spots: Kopaonik, Kameniļki Vis, Obrenovac-Ashes Deposit, Kostoalc, Smederevo-

Customs, Kraljevo, Loznica, Ļaļak-Institute for Fruit Production, Paraĺin, Ġabac, Kruġevac, Zajeļar, 

Niġ-Sveti Sava School, Valjevo and Vranje. However, final assessment of air quality in Serbia, 

conducted in accordance with relevant rules of estimation, shows that it is over-polluted.3 

 

LEGAL PROTECTION OF AIR QUALITY IN SERBIA ï CURRENT LEGAL 

FRAMEWORK  

 

International documents 

 

The following international documents regulating the issue of global air pollution can be singled out as 

the most important: 1) The 1979 Geneva Convention on Long-range Transboundary Air Pollution4, 

ratified by SFRJ in 1986, with additional protocols such as: a) The 1984 Geneva Protocol on Long-

term Financing of the Co-operative Program for Monitoring and Evaluation of the Long-range 

Transmission of Air Pollutants in Europe (EMEP), b) The 1991 Geneva Protocol concerning the 

Control of Emissions of Volatile Organic Compounds or their Transboundary Fluxes; c) The 1998 

Aarhus Protocol on Persistent Organic Pollutants (Bull, 2003), d) The 1999 Gothenburg Protocol to 

Abate Acidification, Eutrophication and Ground-Level Ozone and 2) The Vienna Convention for the 

Protection of the Ozone Layer5 ratified by the Republic of Serbia in 1990 with the Montreal Protocol 

on Substances that Deplete the Ozone Layer6, ratified by the Republic of Serbia in 2004 (Vig and 

Gajinov, 2011; Joldģiĺ, 2006). 

 

The Geneva Convention obliges its member states to promote environmental protection through the 

protection of air from pollution and gradual decrease and suppression of pollution, to develop policies 

and strategies for combating release of pollutants in the air, to exchange information relevant to air 

protection and pollution, to cooperate in the field of research in the area of air quality, to control the 

state of air quality and establish adequate mechanism for air quality control, to prescribe limit 

measures that would contribute to the efficiency of air protection, to develop technologies for 

minimization of release of pollutants and for measurement of their concentration, to participate in the 

monitoring program etc (Joldģiĺ, 2006). The Vienna Convention obliges its signatories to prevent the 

pollution of air by the substances that might damage the ozone layer, to prescribe acceptable 

modalities of use of substances that might deplete the ozone layer, to create a list of these substances, 

                                                 
3 Godiġnji izveġtaj o stanju kvaliteta vazduha u Republici Srbiji 2011. godine, Beograd: Ministarstvo energetike, 

razvoja i zaġtite ģivotne sredine Republike Srbije, Agencija za zaġtitu ģivotne sredine, 2012.. 

4 Convention on Long-range Transboundary Air Pollution, Geneva, 13 November 1979, UNTS, vol. 1302, p. 

217.  

5 Multilateral Vienna Convention for the Protection of the Ozone Layer (with annexes and Final Act). 

Concluded at Vienna on 22 March 1985, registered ex officio on 22 September 1988, UNTS, vol. 1513, No. 

26164, p. 293. 

6 The Montreal Protocol on Substances that Deplete the Ozone Layer 
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to determine the modalities of their use, import and export and to keep records of trans-boundary and 

pollutions that might lead to the depletion of the ozone layer (Joldģiĺ, 2008).  

 

The European Union7 has also dedicated a significant amount of legislative documents to the issue of 

air quality and air protection (Vig and Gajinov, 2011). Actually, air quality seems to be one of the 

areas in which the EU has been most active. Since the early 1970s, the EU has been working to 

improve air quality by controlling emissions of harmful substances into the atmosphere, improving 

fuel quality, and by integrating environmental protection requirements into the transport and energy 

sectors8. European air pollution policy has a long history and some notable successes to its name. The 

most recent wave of policy was launched in 2005 with the Thematic Strategy on Air Pollution 

designed to make substantial progress towards the long-term EU objective: to achieve levels of air 

quality that do not result in unacceptable impacts on, and risks to, human health and the environment9. 

Although the Republic of Serbia is not an EU member state, being familiar with and acting in 

accordance with the sources of EU law pertinent to environment protection in general, including those 

regulating air quality and pollution, is a necessary step on the road of our country towards European 

integrations. Several secondary sources of so called ñcommunity lawò (Ļavoġki, 2006) pertinent to air 

protection have been adopted in the past couple of decades, including the following: 1) Directive 

2008/50/EC on ambient air quality and cleaner air for Europe, 2) Directive 96/62/EC on ambient air 

quality assessment and management, 3) Directive 1999/30/EC relating to limit values for sulfur 

dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air, 4) 

Directive 2000/69/EC relating to limit values for benzene and carbon monoxide in ambient air, 5) 

Directive 2002/3/EC relating to ozone in ambient air, 6) Directive 2004/107/EC relating to arsenic, 

cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air, 7) Council Decision 

97/101/EC establishing a reciprocal exchange of information and data from networks and individual 

stations measurement ambient air pollution within the Member States, 8) Directive 80/779/EEC of 15 

July 1980 on air quality limit values and guide values for sulfur dioxide and suspended particulates. 

 

Law on Air Protection 

 

The Republic of Serbia has recently adopted a single legislative document entirely dedicated to the 

issue of air protection ï Law on Air Protection10 of 2009 with the latest amendments and alterations 

made in 2013. By adopting this law, the Republic of Serbia implemented the entire content of the 

Directive 2008/50 EC on Ambient Air Quality and Cleaner Air for Europe in its national legislation 

and fulfilled normative preconditions for harmonization of domestic and EU practice in this field.11 

This law arranges the air quality management and establishes the measures, manners of organization 

and control of the protection and improvement of the quality of air as a natural value of general 

interest that is under special protection. However, the provisions of the Law on Air Protection are not 

applied in the cases of pollution caused by radioactive substances, industrial accidents and natural 

disasters (Art. 1). The fundamental aim of the Law is to achieve air protection through: establishment, 

maintenance and improvement of a single system of air quality management, preserving and 

improving air quality through establishing and implementation of protective measures in order to 

prevent or decrease harmful consequences on health and/or environment, avoiding, preventing and 

decreasing the pollutions that harm the ozone layer and enhance climate changes, monitoring, 

collecting and assessing the appropriate data on air quality, providing available data on air quality, 

completing duties in accordance with ratified international contracts and international cooperation in 

the field of protecting and improving air quality and ensuring the access of public to these information 

(Art. 2). 

 

                                                 
7 In further text, abbreviation EU will be used for European Union  

8 See: http://ec.europa.eu/environment/air/index_en.htm, 12.08.2013. 

9 Thematic Strategy on Air Pollution, Commission of the European Communities, Brussels, 21.9.2005. 

10 Law on Air Protection, Official Gazette of RS, No. 36/09 and 10/13  

11 Godiġnji izveġtaj o stanju kvaliteta vazduha u Republici Srbiji 2011. godine.  
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Law on Air Protection defines air as the air in troposphere at the open space that does not include air 

in the closed space (Art. 3). It prescribes essential empowerments (authorizations) and duties pertinent 

to the protection and improvement of air quality. The protection and improving of the air quality is 

conducted by the Republic of Serbia, autonomous province, local self-government unit, business 

associations, entrepreneurs, as well as by other legal or natural persons in accordance with their 

authorizations. Accordingly, the Law obliges business associations, other legal entities and 

entrepreneurs that affect or could affect the air quality while performing their activities to provide 

technical measures for preventing or decreasing the emission into the air, plan the costs of protecting 

the air against pollution within investment and manufacturing costs, monitor the effect of their 

activities to air quality and provide other appropriate protective measures. The quality of air and 

emissions are monitored by competent state administrative bodies and legal persons licence to perform 

these activities (Art. 4). 

 

According to the pollution level, starting from the prescribed limit and tolerable values and based upon 

measurement results, the Law distinguishes three categories of air quality. The first is the category of 

pure or slightly polluted air, where none of the limit values of the pollutants are exceeded. The second 

comprises moderately polluted air, meaning that limit values of one or more pollutants are exceeded, 

but tolerable values are not. The third refers to over-polluted air, which means that tolerable values for 

one or more pollutants are exceeded. It is important to mention that if a tolerable limit has not been 

prescribed for a pollutant, its limit value shall be treated as the tolerable one. The categories of air 

quality are established once a year and the list of air quality categories by zones and agglomerations in 

the territory of the Republic of Serbia is adopted by the government and published in the Official 

Gazette, via electronic media and on the web site of the Government and the Ministry (Art. 21). The 

Law prescribes measures designed to contribute to the protection and improvement of air quality. So, 

in the zone or agglomeration where air quality is assessed as the first category, preventive measures 

should be implemented with the aim to prevent the emergence of air pollutants that would exceed the 

limit values. In the zones or agglomerations of the second category of air quality measures for 

decreasing air pollution are implemented in order to reach limit values or decrease below them. In the 

zones or agglomerations where air quality is assessed as category three, measures for decreasing air 

pollution are implemented in order to achieve the tolerable values for short ang long term provision of 

limit values (Art. 22.). 

 

Law on Air Protection is familiar with several administrative offences (misdemeanors) that represent 

its violations and provides adequate sanctions for their perpetrators (Jovaġeviĺ, 2009; Joldģiĺ and 

Jovaġeviĺ, 2013). Fine between 500,000 and 1,000,000 RSD will be imposed on a legal person that: 1) 

fails to develop the Operatorôs plan for decreasing the stationery sources emission, 2) fails to provide 

the staff training in accordance with the professional education programme, 3) performs the activities 

of manufacturing, maintaining and/or repairing the products containing substances that deplete the 

ozone layer without the Ministryôs license, 4) imports and/or exports and sells new products and 

equipment that use the controlled substances that deplete the ozone layer apart from 

chlorofluorohydrocarbons, 5) releases substances that deplete the ozone layer and fluorinated 

greenhouse gases GHGs 6) loads the systems that use fluorinated GHGs with substances that deplete 

the ozone layer 7) does the wash out with substances that deplete the ozone layer 8) sells and uses 

tanks for one-off use where the substances that deplete the ozone layer and fluorinated GHGs are 

stored, 9) retails the substances that deplete the ozone layer and fluorinated greenhouse gases, 10) fails 

to submit the data on the stationery air pollution source and each its change (reconstruction) to the 

Ministry, i.e. Agency, competent autonomous province body and competent local self-government 

unit body, 11) fails to keep records on the exercised  measurement with the data on  measurement 

locations, results and frequency, 12) fails to keep records on the type and quality of raw materials, fuel 

and waste in the combustion process, 13) fails to keep records on the work of machines for preventing 

or decreasing the pollutants emission, as well as  measurement installations for emission  

measurement, 14) fails to perform the air quality and/or emission  measurement in accordance with the 

Law, 15) starts the  measurement before obtaining Ministryôs license, 16) fails to perform the air 

quality and/or emission  measurement in accordance with the Law or 17) starts the  measurement 

before getting the agreement by the Ministry. For this misdemeanour a fine can be declared in line 
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with the amount of the harm done, the value of the obligation that has not been fulfilled or the value of 

goods or other objects that are the subjects of this offense, up to the amount twenty times higher than 

these values. A responsible person within the legal person may also be found liable for this 

misdemeanour and can be punished with fine from 25,000 to 50,000 RSD. A legal entity that 

committed some of the aforementioned misdemeanours can also be imposed a protective measure ï 

ban to perform certain activities for a maximum of three yearsô period. The responsible person within 

the legal person may also be imposed a protective measure by which the court forbids him to perform 

particular tasks for one year (Art. 81). 

 

The Law prescribes fine from 250,000 to 500,000 RSD for the entrepreneur that: 1) fails to develop 

the Operatorôs plan for decreasing the stationery sources emission, 2) fails to implement the measures 

with the aim of decreasing the volatile organic compounds emission 3) fails to provide the staff 

training in accordance with the professional education programme in accordance with the Law, 4) 

performs the activities of manufacturing, maintaining and/or repairing the products containing 

substances that deplete the ozone layer without the Ministryôs license , 5) produces substances that 

deplete the ozone layer, 6) imports or exports substances that deplete the ozone layer, i.e. products and 

equipment containing them, and which are identified by ratified international contracts from the 

countries, i.e. into the countries that are not the signing parties of that contract, 7) imports and/or 

exports and sells the substances that deplete the ozone layer and fluorinated GHGs without license, 8) 

imports and/or exports and sells new products and equipment that use the controlled substances that 

deplete the ozone layer apart from chlorofluorohydrocarbons, 9) releases substances that deplete the 

ozone layer and fluorinated greenhouse gases, 10) loads the systems that use fluorinated GHGs with 

substances that deplete the ozone layer, 11) does the wash out with substances that deplete the ozone 

layer, 12) sells and uses tanks for one-off use where the substances that deplete the ozone layer and 

fluorinated GHGs are stored 13) retails the substances that deplete the ozone layer and fluorinated 

GHGs, 14) fails to remove defect or disorder, i.e. to adjust the work to the new situation or fails to stop 

the technological process, in order to bring the emission to the allowed limits as soon as possible,15) 

fails to take technical-technological measures or to stop the technological process, in order to bring the 

concentrations of the pollutants to the prescribed limit values, 16) fails to implement the measures that 

can lead to the odour reduction, although the concentration of the emitted matters in waste gas is 

below the limit value 17) fails to submit the data on the stationery air pollution source and each its 

change (reconstruction) to the Ministry, i.e. Agency, competent autonomous province body and 

competent local self-government  unit body, 18) fails to provide the regular emission monitoring and 

do not keep records on that, 19) fails to enable permanent emission measurement if  they are prescribed 

for specific pollutants and/or pollution sources independently, through automatic machines for 

permanent measurement, 20) fails to enable control measurement of emission by an authorised legal 

entity, if emission measurement is exercised independently, 21) fails to provide prescribed occasional 

emission measurement, by an authorised legal entity, twice a year, unless exercising the permanent 

emission measurement, 22) fails to enable the air quality monitoring upon the order of the competent 

inspection body, 23) fails to keep records on measurement and data on its locations, results and 

frequency 24) fails to keep records on the type and quality of raw materials, fuel and waste in the 

combustion process, 25) fails to keep records on the work of machines for preventing or decreasing 

the pollutants emission, as well as measurement installations for emission measurement, 26) starts the 

measurement before obtaining Ministryôs agreement. For this misdemeanour a fine can be declared in 

line with the amount of the harm done, the value of the obligation that has not been fulfilled or the 

value of goods or other objects that are the subjects of this offense, up to the amount twenty times 

higher than these values. Protective measure of forbidding the performance of a specific activity for 

the period of up to three years may also be imposed (Art. 83). 

 

Criminal Code of the Republic of Serbia 

 

Current Criminal Code of the Republic of Serbia12, which entered into force on 1st January 2006, 

contains several incrimination of direct or indirect importance for the protection of environment in 

                                                 
12 Criminal Code of RS, Official Gazette of RS, No. 85/05, 88/05, 107/05, 72/09, 111/09 and 121/12 
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general, including air as one of its elements (Joldģiĺ and Jovaġeviĺ, 2012). These incriminations are 

systematized within its Chapter 24 entitled as ñCriminal Offences against the Environmentò 

(Stojanoviĺ, 2006) and include the following criminal offences: Environmental Pollution (Art. 260), 

Failure to Undertake Environmental Protection Measures (Art. 260), Illegal Construction and 

Operation of Facilities and Installations Polluting the Environment (Art. 262), Damaging 

Environmental Protection Facilities and Installations (Art. 263) and Damaging the Environment (Art. 

264). The Code does not explicitly mention the protection of air quality in the titles of these 

incriminations, but uses a general term ñenvironmentò, defined in Law on Environmental 

Protection13, according to which environment represents a set of natural and man-made values whose 

complex mutual relations make up environment i.e. area and conditions for life and natural value is 

natural wealth that comprises air, water, soil, forests, geological resources, plants and animal life (Art. 

3). Naturally, all of the offences that are directed against the environment in general at the same time 

represent attacks on its integral parts, including air and its quality. Criminal offence of Environmental 

Pollution exists if a person by violating the regulations on protection, preservation and improvement 

of the environment pollutes air, water or soil to larger extent or over a wider area. The punishment is 

imprisonment from 6 months up to 5 years and fine. If the offence is committed with negligence, the 

offender shall be punished by fine or imprisonment up to two years. On the other hand, if the offence 

results in destruction or damage to animal and plant life to large extent or environmental pollution in 

such extent that its revitalization requires a longer period of time or great expense, the offender shall 

be punished by imprisonment of one to eight years and fine. If the offence results in destruction or 

damage to animal and plant life to large extent or environmental pollution in such extent that 

revitalization requires longer period of time or great expense, the offender shall be punished by 

imprisonment of six months to five years and a fine (Art. 260). Criminal offence of Failure to 

undertake Environmental Protection Measures is committed by an official or responsible person who 

fails to undertake the stipulated environmental protection measures, or fails to proceed according to 

orders of competent authority in respect of environmental protection. For the basic form of this 

criminal offence, imprisonment up to three years or fine may be imposed. If the offence is committed 

with negligence, the offender may be punished by fine or imprisonment up to one year. However, if 

the offence resulted in environmental pollution, the offender shall be punished for the offence of 

Environmental Pollution (Art. 261). Illegal Construction and Operation of Facilities and Installations 

Polluting the Environment is a criminal offence committed by an official or responsible person who, 

contrary to regulations on environmental protection, preservation and improvement, allows 

construction, start-up and operation of facilities and installations or use of technologies that pollute the 

environment to larger extent and over a wider area. The punishment for this criminal offence is 

imprisonment of six months to five years. If the offence results in destruction of animal and plant life 

to high extent or pollution of the environment to such degree that revitalization would require a long 

period of time or great expense, the offender shall be punished by imprisonment of one to eight years 

(Art. 262). Damaging Environmental Protection Facilities and Installations exists if a person damages, 

destroys, removes or otherwise makes inoperable facilities or installations for environmental 

protection. Imprisonment up to three years may be imposed on the perpetrator of this criminal offence. 

If the perpetrator acted with negligence, he shall be punished by fine or imprisonment up to one year. 

If the consequence of the offence was air, water or soil pollution to larger extent or over a wider area, 

the offender shall be punished by imprisonment of six months to five years and if the pollution of air, 

water or soil to larger extent or over a wider area, the offender shall be punished by imprisonment up 

to three years. If the offence resulted in destruction or damage of animal and plant life to high extent 

or pollution of the environment to such degree that revitalization would require a long period of time 

or great expense, the offender shall be punished by imprisonment of one to eight years. If more serious 

forms of this offence result in destruction or damage of animal and plant life to high extent or 

pollution of the environment to such degree that revitalization would require a long period of time or 

great expense, the offender shall be punished by imprisonment of six months to five years (Art. 263). 

Criminal offence of Damaging the Environment is committed if a person causes damage to the 

environment to large extent or over a wider area by violating regulations, through use of natural 

resources, construction of buildings, executing works or in any other manner. The punishment 

                                                 
13 Law on Environmental Protection, Official Gazette of RS, No. 135/04, 36/09, 36/09, 72/09 and 43/11 
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prescribed is imprisonment up to three years. If the perpetrator acted with negligence, he shall be 

punished by fine or imprisonment up to one year (Art. 264). 

 

The court may pronounce a suspended sentence (Stojanoviĺ, 2005; Jovaġeviĺ, 2006) (Art. 65-69) for 

each of the aforementioned criminal offences. In such cases, the court may to order the offender to 

undertake particular measures to correct the detrimental consequences to the environment within a set 

period of time. In its decision on suspended sentence, the court may also order that previously 

determined penalty shall be enforced if the convicted person fails to restore material benefit acquired 

by the commission of criminal offence, fails to compensate the damage he caused by the commission 

of criminal offence or fails to fulfill other obligations provided by the provisions of criminal 

legislation. The deadline for the fulfillment of these obligations is set by the court within the specified 

probationary period (Jovaġeviĺ and ņurĽiĺ, 2006; Jovaġeviĺ, 2009). 

 

CONCLUSION   
 

Available data show that the quality of air in Serbia is constantly deteriorating. Such state causes 

justified and reasonable concern of both ï experts in the field of ecology, biology, agriculture, 

medicine, and law as well as of general public and ñcommonò citizens who often suffer health 

consequences of over-pollution. Although our country adopted the Law on Air Protection, which 

enabled normative harmonization with the EU standards in this sphere of environmental protection, 

there are still some practical issues that need to be resolved in order to stop further pollution and, if 

possible, recover the quality of air in our country. According to Serbia Progress Report for 201214, 

published annually by the European Commission, certain but rather small progress has been made in 

the field of environment protection and climate changes. Complete harmonization of Serbian 

legislation with the Directive on the Assessment of the Effects of Certain Public and Private Projects 

on the Environment15 has been fully accomplished, but its practical implementation has to be 

improved, particularly in the sphere of quality of interaction with the public and dialogue with non-

governmental organizations. The Law on the Ratification of the Protocol on Heavy Metals16 and the 

Law on the Ratification of the Protocol on Persistent organic Pollutants17 were adopted in 2012. 

Keeping up with the data on air quality in Serbia was additionally improved by the fact that National 

Laboratory for Calibration is in charge for keeping records on air quality, whereas analytical 

laboratory for air pollutants functions within the auspices of the Environmental Protection Agency 

(SEPA). However, the capacity and financial resources of SEPA are insufficient for proper performing 

of all activities pertinent to measurement and maintenance of air quality. 

 

A slight progress has also been achieved in other fields that are directly or indirectly related to air 

quality, such as waste management, improvement of water quality, implementation of legislation 

pertinent to industrial pollution and risk and chemicals management as well as in the sphere of nature 

protection. However, insufficient administrative capacities and the lack of financial resources still 

represent serious obstacles in all of the aforementioned areas. Unfortunately, no progress has been 

detected in the field of climate change prevention, as one of the areas that has the most significant 

                                                 
14 Serbia Progress Report for 2012, European Commission, SEC (2012) 333, Brussels, 10.10.2012. 

15 See: Directive 85/337/EEC of 27 June 1985 on the assessment of the effects of certain public and private 

projects on the environment, Directive 97/11/EC of 3 March 1997 amending Directive 85/337/EEC on the 

assessment of the effects of certain public and private projects on the environment, Directive 2009/31/ of 23 

April 2009 on the geological storage of carbon dioxide and amending Directive 85/337/EEC, Directives 

2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC, 2008/1/EC and Regulation (EC) No 1013/2006 and 

Directive 2011/92/EU of 13 December 2011 on the assessment of the effects of certain public and private 

projects on the environment. 

16 Protocol to the 1979 Convention on Long-Range Trans-boundary Air Pollution on Heavy Metals, Aarhus, 24 

June 1998, United Nations, Treaty Series, vol. 2237, p. 4, Document of the Economic and Social Council 

EB.AIR/1998/1,  

17 Protocol to the 1979 Convention on Long-Range Transboundary Air Pollution on Persistent Organic 

Pollutants, done at Aarhus (Denmark), 24 June, 1998, Document of the Economic and Social Council, 

ECE/EB.AIR/60.  
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impact on air protections. General policy on climate change prevention still needs to be improved and 

a comprehensive climate strategy must be developed. Namely, the issue of climate changes is an 

integral part of energetic policy, where only a small progress has been made regarding the field of 

renewable energy sources and energetic efficiency. Serbia still has not adopted the planned legislative 

framework on rational use of energy. It is necessary to make great efforts in order to integrate the issue 

of climate changed within sector policies and strategies. Serbia has not dedicated enough attention to 

its obligation to minimize its emissions until 2020 and limited progress has been made in the 

harmonization with the law of the EU regulating the issue of climate. All in all, limited progress has 

been achieved in harmonization of our legislation with legal heritage of the EU and great efforts need 

to be made in order to strengthen Serbiaôs capacities for following, reporting and verification in the 

area of climate. It is still necessary to raise consciousness an all levels on the importance of 

environment protection and climate changes and appropriate initiatives should be strengthened. The 

lack of administrative capacities and ad hoc international cooperation postpone the preparation and 

implementation of climate policy that is in accordance with the EU legislation. Administrative 

structure in charge for climate changes should be strengthened and support is needed in order to build 

capacities necessary as a response to requirements in this field. 
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ABSTRACT 

 

Mathematical modelling is today the universal component of the methodology of research of arbitrary science.It 

does not deny the classical methods of research,but complements them. It often enables getting the information 

of the objects and processes which couldnôt be obtained through experiments.Within work,different 

mathematical models are analyzed(turbulent diffusion,statistical methods,semi-empirical methods...) for 

studying the spreading of the air pollution from different sources.Using them,the distribution of concentration 

and the parameters of concentration of air pollution can be determined,depending on the type of the 

source.Their characteristics are compared,the advantages and disadvantages,as well as the results which are 

given by different models.   

 

Key words: mathematical model,air pollution,the concentration of air pollution.  

 

 

INTRODUCTION  

 

The condition of the environment greatly affects the life of all living creatures on the planet.The 

emission of the harmful matters in the atmosphere negatively affects the condition of the atmosphere 

which represents a vital component of nature.The significant share in these processes is the 

anthropogenic factor.In order to limit the negative share of this factor on the atmosphere,the 

normatives of ejection of harmful matters have been determined and automatic monitoring of air 

quality control has been introduced.Automatic cells measure the concentration of different substances 

in the air.The degree of pollution is determined by comparison of the measured concentration with 

maximum allowed concentration,determined by norms,which is acceptable because it doesnôt affect 

human health.  

 

Regardless the fact that the information obtained by measuring cells maintain the real condition of the 

atmospheric air within places where the measuring is performed,the causes of air pollution remain 

unknown.Also,those information show the level of  pollution only in some points and cannot give the 

adequate picture of  air condition on the entire wanted teritory.For solving these problems the 

mathematical modelling of spreading the air pollution is performed,which enables the evaluation of 

the degree of pollution in the observed point without making the corresponding measurings.Besides,by 

using the mathematical modelling,the change in the atmospheric air can be predicted on longer 

terms,different hypothetical situations can be modelled(for example,the construction of the new 

factory which would represent a potential pollutant) and plan in advance the measures for preventing 

the air pollution. Modelling demands a complex consideration of many factors,such as the parameters 

of the source of pollution,current meteorological condition of the atmosphere,the conditions of the 

scattering of the polluting substances in a certain place,the characteristics of the pollutant substances 

etc. 
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TYPES OF MATHEMATICAL MODELS  

 

The air pollution is one of the most complex ecological problems in many industrial places. The 

increased concentration of impurities is spotted,practically in every industrial place and therefore it is 

necessary to solve the problem of estimation of the level of pollution and modelling the spreading of 

air pollution,particularly from the stationary sources with an aim to prevent or reduce its negative 

effect on the ecosystem. Within the analysis of the process of air pollution the essential difference is 

whether it comes from the stationary or mobile sources. If the air pollution comes from the mobile 

source it is,as a rule,of a local character and reaches small heights.With stationary sources (factory 

chimneys,thermal power plants,boilers,technological facilities...) the air pollution reaches up to 150m 

and higher,and spreads on large distances. Air impurities form air dispersion systems,and during 

turbulent motion and other processes remain long in the air (ɹʝʨʣʷʥʜ, 1985).  

 

Mathematical models which describe the motion of the pollutants in the air under the influence of the 

wind(transmission) and turbulent motion of the atmosphere (diffusion) are called the models of 

atmospheric dispersion.They are divided into theoretical,empirical and semi-empirical,as well as 

stationary and non-stationary. Starting from the methods of mathematical descripton of the process of 

scattering of the impurities,3 classes of models of analysis of air pollution can be singled out: 

Lagrangeôs, Eulerôs and Gaussian.The equasions of those models are gained by different schemes of 

solving the equasions of turbulent diffusion.  

 

Lagrangeôs model 

 

Lagrangeôs model describes the transmission of certain air currents over time under the influence of 

atmospheric fields and spreading of air pollution.It can be shown as (Lazaridis, 2011; ɸʨʛʫʯʠʥʮʝʚ, 

2007): 

( , ) ( , ', ') ( ', ') ' 'C r t p r t r t S r t dr dt  (1) 

where ( , )c r t  is the middle concentration of air pollution in the point r and time t ; ( ', ')S r t  

represents the source of air pollution;  ( , ', ')p r t r t  is the function of possibility of transition from 

place 'r  't in the place r and time t . The function of possibility should be determined as the function 

of total meteorological data in the vicinity of the source. 

 

Eulerôs model 

 

Oilerôs model consists of the solution to the semi-empirical equation of turbulent diffusion which can 

be written as 1(ʉʪʝʧʘʥʝʥʢʦ, 2008; ɹʝʨʣʷʥʜ, 1975): 

x y z

C C C C
u C k k k

t x x y y z z
 

(2) 

where u C is the adequate component of the equation;xk , yk , zk  the components of the coefficient 

of turbulent diffusion; C  middle concentration of the impurities. 

When solving specific tasks, this equation can be simplified.For example,with the stationary processes 

for the spotted source which continually emits impurities,the equation is this form (Crank, 1975):  

2 2 2

2 2 2x y z

C C C C C
u k k k

t t x y z
 

(3) 

where u is the average velocity of the wind in the direction of moving of the impurities. 

 

                                                 
1 There are different variants of the equation of turbulent diffusion (ʄʘʨʯʫʢ, 1982) 
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This equation reflects the law on maintenance of weight and it is based on the assumption of analogy 

of the process of molecular and turbulent diffusion.The limit terms for this equation are:  

0)/(;00/ 222 zyxCtC  (4) 

For the stationary spotted source with coordinates(0,0, )h with constant coefficient of the turbuent 

diffusion,this equation has the solution (ʕʣʴʪʝʨʤʘʥ, 1985): 

2 2 2( ) ( )
( , , ) exp( ) exp exp

4 4 44 y z zx y

Q uy u z h u z h
C x y z

k x k x k xx k k
 

(4) 

Within the frame of Eulerôs model, Ukrainian scolar ʄʘʨʯʫʢ analyzed several variants of the equation 

of turbulent diffusion. 

For one-dimensional case ʄʘʨʯʫʢ analyzed the equation of the shape (ʄʘʨʯʫʢ, 1982): 

2

02
( )

dC d C
u C Q x x

dx dx
 

(5) 

(here ɛ ſ k  is the coefficient of turbulent diffusion,and ů is the coefficient which has got the unit of 

reciprocal time and which shows for what time the concentration of the impurities drops e times) 

which solution is: 

2

02

2
2

02

exp
4 2

( )
4

exp
4 2

u u
x x

Q
C x

u u
x x

 

(6) 

The upper expression stands if 0x x , and lower if 0x x  

In the two-dimensional case the equation of the diffusion is of a form (ʄʘʨʯʫʢ,1982): 

0( )
C C

u v C Q r r
x y

 
(7) 

Which solution can be written as: 

2 2 2 2

0exp
2 2 2

Q u v x u v x
C K r  

(8) 

 

where 0K  is McDonaldôs function 
0

0

( ) , 0xchyK x e dy x .  

During the 1980-s of the previos century,the group of researchers from the science university in Novi 

Sad, gathered around the scolar B.Toġiĺ, found in several works, for different terms, analytical 

solutions of the equation of turbulent diffusion in the case of the spotted source of the impurities in 

1D, 2D and 3D case (Toġiĺ, 1982; Toġiĺ, 1984; Toġiĺ, 1988; Kapor, 1983; Kapor, 1988). One-

dimensional stationary numerical case is later analysed (Jaĺimovski, 2012) 

 

It has shown that the results gained from the equation (3)  arenôt completely in accordance with the 

data gained from the experiments. It has shown that the coefficients of the turbulent diffusions arenôt 

of a constant size and that they depend on the dimensions of the clouds of impurities.Using the 

assumption that the distribution of the concentration of the impurities in the cloud fits the Gaussôs 

normal distribution, Seton got the solution for the stationary spotted source of shapes (ʕʣʴʪʝʨʤʘʥ 

1985): 
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2 2

2 2 2 2 2
( , , ) exp

n n n

y z y z

Q y z
C x y z

u x s s s x s x
 

(9) 

where  ys , zs  are the virtual coefficients of diffusion,andn is the number of values from 0-1 and it is 

determined from the profile of the wind. Generally, n can have the following values: 

 In the case of unstable atmosphere 0n  

 In stable conditions 0 0.5n  

 Within the zero gradient 0 0.2n  

 In the strong inversion 0.5n  

 

Setonôs relation is used mostly in case of stable atmospheric conditions.Still,it doesnôt decrease the 

value of the model,because the unstable terms donôt last long and the concentration of the impurities in 

unstable conditions is always smaller than in stable conditions due to the great scattering of the 

impurities. 

Berljand has found the solution of the equation (2) for spotty source which is on height h. For ground 

concentration of the impurities it is of the shape:  

1 2

1

2 22
1 01 0

( , ,0) exp
(1 ) 2(1 ) 2

mu hQ y
C x y

k m x xm k x
 

(10) 

where 1k , 1u  are the values of the coefficient of turbulent diffusion and speed of the wind on unit 

height, 0  dispersion of the wind direction, (2 )m n n . 
 

With modelling of spreading of the impurities for three dimensional case the analythical or numerical 

solution is used of the semi-empirical differential equation of turbulent diffusion in Decartôs 

coordinates. In that case the linearised model of spreading the impurities contains specific 

chracteristics of the process:the transmission of the impurities in the direction of the flow, turbulent 

diffusion,convection, space and time inhomogenity of the parameters of scattering,the interaction of 

impurites with the ground surface and other factors. 
 

Semi-empirical equation of the turbulent diffusion of the most general form is analyzed by 

ʉʪʝʧʘʥʝʥʢʦ, ɺʦʣʦʰʠʥ i ʊʠʧʮʦʚ and it is of the shape (ʉʪʝʧʘʥʝʥʢʦ, 2008): 

2 2 2

2 2 2
( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

x y z

k s s s

C C C C C C C
u t v t w t k t k t k t

t x y z x y z

t C t Q t t t x x y y z z

 

(11) 

In the upper equation Q  represents the mass of impurities which set aside in the moment 0t  in 

coordinate beginning ( , , )s s sx y z . The impurities are momentarily ejected kt , the strenght of the 

source is ( )kQ t ; ( )u t , ( )v t , ( )w t  are the projections of the speed of wind on adequate coordinate 

axis, Dirakôs delta function, ( )t  the speed of the (loss) reduction over time. 

 

The solution of the equation (11) vertically has got certain characteristics since the spreading of 

impurities vertically depends on thermo dynamic structure of the bordering layer of the atmosphere 

and interaction of the impurities with its borders.Therefore,the bordering terms for this equation are: 

0),,,(lim

,0

,

0

zyxtC

zzCCw
z

C
k

yx

z

 

(12) 

In (12) is ɓ parameter which characterizes the interaction of impurities with the ground surface.The 

basic dynamic parameter of surface is the relief z0,that is the zero level from which the logarithm 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 72 

profile of the wind is measured.The position of the lowest border
0z  matches the height of the relief 

layer. When the impurity which is sedimented or is light,interacts with the surface, they either deduct 

of it 0or are absorbed .These facts are taken under consideration when vertical profile of 

concentration of the impurity is determined. 

 

The solution of the equation (11),  for stationary case ( )Q t Q const is of the form: 

22 2 2 2 2 2 2 2 2 2 2
0( 2 )1 ( ) 1( )

2 22 2 2

22 2 2 2 2

0

( )

2 2 2

( , , )
4 ( 2 )( )

2

x y z x y z x y z x y zx y z

x y

z h zx y z h u v w x y u v wux vy w z h

k k k k k k k k k k k kk k k

x y z

x y z x y z

ux vy w z h

k k

z

Qe e e
C x y z

k k k z h zx y z h x y

k k k k k k

w Qe

k

22 2 2 2 2
0( 2 )12

22

22 2
0 0

4 ( 2 )

x y z x y zz z

z h zx y u v ww

k k k k k kk k

x y z

x y z

e e
d

k k k z h zx y

k k k

 

(13) 

where ( )

k

t

x

t

k t dt . 

 

Gaussian model 
 

The simplest model for the calculation of the ground concentration of pollution is the statistical 

Gaussian model.It is that,in most of the countries,the models of this type are mostly used in normative 

documents for practical realization of the quality of air.In the base of that model lies the assumption 

that the impurities emited by constant spotty source form the smoke column in which the symetrical 

distribution of concentration of particles to the axes of the smoke column.The basic equation of the 

statistical Gaussian model consists of two functions of thickness of the possibility of the normal law of 

distribution and they are of the form (ʉʪʝʧʘʥʘʥʢʦ, 2009; Lazaridis, 2011;): 

2 2 2

2 2 2

( ) ( )
( , , ) exp( ) exp exp

2 ( ) ( ) 2 ( ) 2 ( ) 2 ( )

F W

y z y z z

Q f f y z h z h
C x y z

x x u x x x
 

(14) 

where Q ïis the mass flow; Cïconcentration of the impurities in the specfic point in space; 

( )y x , ( )z x  dispersion of diffusion in the direction of adequate axis, which depend on 

meteorological conditions of the distance which the particle crosses from the source to the point with 

the coordinate x, whereby it is assumed that the direction of the axis 0X  matches the direction of the 

wind vector; uī average speed of wind on the measuring level; h ïeffective height of the source; fF ʠ 

fWïthe corrections on the reduction of the clouds of impurities due to the dry sedimentation of 

impurities. 

 

 

 

 

 

 

 

 

 

Figure 1. Graphic presentation of the assumptions of spreading the air pollution with the Gaussian 

model (taken from Lazaridis, 2011) 
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Figure 2. Graphic presentation of dispersion of the smoke column from the source  (Jaĺimovski, 2013) 

 

In the equation(14)  y , z  horizontal and vertical dispersion of  the distribution of impurities.For the 

determination of these dispersions,the following relations are used:  
b

z

a

y BxAx ;  

where , , ,A a B b are the coefficients which depend on the stability of the atmosphere and the relief of 

the surface and are determined experimentally. 

 

Table 1: The parameters for calculating the dispersion 

 

  A a B b   A a B b 

Very unstable (ɸ) 0,527 0,865 0,28 0,90 Neutral (D) 0,128 0,905 0,20 0,76 

Unstable (ɺ) 0,371 0,866 0,23 0,85 Stable (ɽ) 0,098 0,902 0,15 0,73 

Weakly unstable (ʉ) 0,209 0,897 0,22 0,80 Very stable  (F) 0,065 0.902 0 12 0,67 

 

Reference: y  is taken for the average time10 min; z  for  z0 = 0,1 m i h < 20 m; ʭ, y z ï  are 

given in meters. 

 

In this model,due to getting the most realistic estimations of concentration of air pollution,certain 

corrections of some sizes are performed. 

 

The correction due to the relief of length z0 

 

The research of the interaction of air flows with the ground surface isnôt possible without the data 

about the aero-dynamic characteristics of the surface.Basic dynamic parameter of the surface is the 

relief z0 ,that is zero level from which the logarithm profile of the wind is measured.Under that 

level,the average translatory flow of air equals zero.   

 

The term relief includes wild growth,cultivated growth and buildings.In the table 1. z  is given for 

z0 = 0,1. The calculations are performed by following formulas
22,0

0

53,0

0)10( x

z zC ;
b

zz xaC
0

 

As 
0zC  depends on ʭ,  the simplest will be to recalculate a i b for a given value z0 in order to calculate 

the corrected value for z . 

 

The corrections on the dimensions of the source 

 

As the spotted sources are the idealisation,it is necessary for real sources to perform correction due to 

the dimensions of the source.It is performed by introducing the so called virtual spotty source. 

(Tiwary, 2010). 
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Figure 3. The scheme of use of the virtual source 

 

The chosen point A in which the spotted source is on the distance ʭv  from the source B in the wind 

direction.It creates the smoke column which in the point B has a proper width 2Ly of the real source. 

According to the calculation xv, for the given source n, it must be aprikimedy on the basis of Ly. In 

those purposes,the following expression is used: 15.2/yy L  The point where the concentration of 

the impurities drops to 10% from its maximum value is considered the boundary of the source. If the 

concentration  over the source to the certain limit doesnôt comply with the Gaussian distribution,and is 

still homogenous,the next expression can be used:
 

For xy,in the direction ʫ 

:
a

tyvy aCLx
/1

15,2/ Analogously, for  z direction: ''15.2/
tzvz CLx  For the distances by which 

it is  z >>Lz the aproximation with h =  0 is satisfactory. 

  

The correction on the average time measuring 

 

 

 

 

 

 

There is a momentary recording of the smoke collumn on the picture, and a wide contour which 

represents the smoke column after 10min.The effect of spreading of the smoke column significantly 

affects the measuring and the ammount of the substance of the smoke column which would be inhaled 

by a human.If  the measuring of the current position of the smoke column is performed for a very short 

time,then the high concentration is registered.If the average value would be determined in that position 

for the time of 10 minutes or one hour,the concentration would be significantly lower.All these facts 

are taken into consideration by introducing the corrective coefficient ʉt  in the 

form:
2,0

600/tCt
time in seconds;

b

ty axC Coefficient tC  has the minimum value of around 

0,5. 

 

Gaussian model is the idealisation which has the following limitations (Sportisse, 2008): 

1) it is applied only on flat and open surface 

2) it is difficult to calculate in the influence of the obstacles on which  the smoke column comes 

across 

3) meteorological conditions,as well as the conditions of the ground surface are constant on the 

entire distance which the cloud of gas passes 

4) it is applied only on gases which thickness is close to the thickness of air 

5) the existence of wind must be assumed,which speed is ʠ > 1 m/s. 

 

 

Figure 4. Scheme of the smoke collumn 
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Unsolved issues: 
 

1) It is assumed in models that horizontal and vertical turbulent scattering is performed independently 

one from another.It is just that term which enables to consolidate two functions of the possibility of the 

normal law of distribution. 

2) The coordinate x  in which the concentration is calculated,doesnôt explicitly enter the formula,but 

implicitly as an argument in dispersions( ) ( )y zx x . 

3) The components of the vector of the speed of wind arenôt used u,v iw , which leads to the trajectory 

of transmission of the impurity being the flat line. 

4) There are dispersions figuring in the model,which characterize the scattering of the clouds of 

impurities with the distance from the source.In many empirical expressions for  ( ) ( )y zx x  it is 

wrongly considered that the dispersion depends only on the distance of the observed point along the 

coordinate axis.In reality,the dispersity depends on time for which the cloud of impurities gets to the 

observed point. Similar mistake leads to the breaking of the law of mass maintenance of the diffusing 

impurity. 

5) According to the formula(13) in the initial moment of time in the point in which the source is,is 

infinitely big.That fact breaks the condition of material balance and deforms the field of concentration. 

6) The formula (13) doesnôt allow the calculation of concentration for the small speeds of wind(less 

than 1 m/s). 

 

THE USE OF INFORMATION TECHNOLOGY IN THE MODELLING OF THE AIR 

POLLUTION  

 

There are many models today which enable the calculation of the ground concentration of air pollution 

in the area of industrial facilities and sources of pollution.It is considered that there are over 120 

models of the different level of complexity and purpose of which the following should be extracted: 

ISC (SAD), ADMS (England), AERMOD (Canada, USA), MARS (Greece), DISPERSION21 

(Sweden), EURAD (Germany), MERCURE (France), MILORD  (Italy), SLP-2D (Spain), OPS 

(Holland) and other.  Some of them are legally regulated as the normatives for certain countries,while 

others have scientifically researching character. 

 

At the same time,regardless the massiveness of the spent research,up till today there isnôt a unique 

methodics (models) which would enable uniformly calculation of the ground concentration of air 

pollution. It is linked with the fact that there isnôt a unique scientifically research center,in which the 

specialists of the different countries would work, in which the basic principles and algorithms of the 

practical models of polluting of the atmosphere would be developed. 

 

The use of GIS in the analysis of air pollution 

 

The calculations done on the base of some model are necessary  to be realized in some information 

system on the base of appropriate meteorological and geographical data.It is also suitable to present 

those results in the form of ecological chart.Besides that,it is necessary to model some hypothetical 

situations by setting the virtual sources of polution on the chart,and perform the prognosis of 

concentration and spreading the same into the atmosphere.Also, it would be desirable that the 

prognosis via the internet become accessible to the interested ones.Today, for the work with 

geographical and space data the  geographical information system (GIS).This information system 

contains the possibility of managing the bases of the space data, the resources for presenting the 

cartographic data and the resources for performing different analythical calculations.One of the 

components of this information system is  ArcGIS. With it,the data entry on the sources of pollution, 

metheorological and cartographic data and also get the display of the field of concentration of the 

impurities  in the atmosphere and the field of complex index of pollution (KIZ) by using the 

technology ArcSDE. Besides that,the possibility of ArcGIS can be used in forming the interactive 

charts on a PC desktop (ArcGISEngine) and on web pages(ArcGISServer), as well as the manipulation 

the field of concentration of pollution(SpatialAnalyst). 
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The possible architecture of this information system is presented on the Figure 5. It represents the 

combination of two architectural-service-oriented architecture for realization of the user 

interface(work station). The structure of the system is like this (ʉʤʠʨʥʦʚ 2001): 

 ArcGISServer ï It contains the space data base,in which are the cartographic,metheorological 

data,and data on the sources of pollution.The access to the data base is possible over the geo 

service. 

 IIS- it is the web service of the Microsoft company.There is the nucleus of the system on 

it.The web service and computing modulus.Besides that,there is a web service on it which 

realizes the interface of the portal visitors.  

 The nucleus of the system-it coordinates the work of the system and connects ArcGIS server 

with the computing modulus. 

 Web service- it represents the possibility of connection to the computing modulus through the 

local net or the internet through a desktop client. 

 The computing modulus- is necessary for performing the adequate calculations via some of 

the mathematical models. 

 Desktop application ï That is the client who realizes the interface of some programme with 

which the worker on the work station gets the access to ArcGISServer services and the access 

to the possibilities of the web service. 

 Web application ï is a client who realizes the interface to the portal visitors.Through it,a 

portal visitor has the access to the interactive charts and the results of the calculations. 

 

 
 

Figure 5. Possible architecture GIS with the air pollution analysis 

 

CONCLUSION 

 

There has been an attempt in the work to perform the classification of the mathematical models of the 

spreading of air pollution.This is a very complex problem because of the differences of the source of 

air pollution,as well as many  accesses in resolving the same.Also, the use of the model is connected to 

a number of factors linked to the condition of the atmosphere and geo-morphological characteristics of 

the terrain on which the impurities are spread.Mostly spotted stationary sources are encompassed, and 

of models the Lagrangeôs, Eulerôs and Gaussian model. Due to the width of the problem,the air 

pollution from the mobile phones hasnôt been analyzed,and neither are the models which are used  in 
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case of  the breakdowns  with the emission of air pollution (for example Paskvil Gifordôs model). The 

methods which are used in some countries as the normatives for the air pollution analysis havenôt been 

encompassed either.Of the considered models,most used is the Gaussian (as the simplest) for analysis 

of the spreading of the impurities to the distance of 50 km from the source. For spreading the 

impurities to the greater distances,the Eulerôs and Lagrangeôs approach is used.The Lagrangeôs 

method requires immense calculations,but with the development of  the information systems it can be 

used for practical purposes. 

 

The significance of the use of mathematical models has been emphasized,as well as the contemporary 

possibility of the information technologies, above all the GIS, which are used worldwide for following 

and analysis of air pollution of the certain area. 
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ABSTRACT  
 

Laser role in up-to-date general applications, especially in ecological problems, include laser interaction 

(destructive processes) as well as lasers participation in diagnostic systems. Remote laser sensing is especially 

important for the high risk systems and environment including nuclear, chemical, and other types of possible 

contamination. On the other hand, laser cleaning processes of various types, laser processing methods in 

powder production, contribute to development of many new processes, which are not possible with other 

common non-laser methods. Some analyses of scattering experiments (dynamic and static) are presented with 

adequate representation of results. Laser cleaning methods considered from chosen point of view, were analyzed 

in IR and UV ranges (including multi-photon transitions). Laser interaction with material is widely applied in 

various processing technologies. Powder production methods with various laser types from results in references, 

are fitted analytically treated and specific distribution parameters were obtained. 

 

Key words: laser, lidar, ecology, LIS, scattering, photochemistry. 

 
 

INTRODUCTION  
 

Wide laser applications in physical, chemical and etc. processes are connected to price of laser 

sources. If expensive materials of organic or inorganic origins are involved than this reason is not 

important. Those applications include ecological and other processes, too as is nuclear contamination, 

isotope selection (enrichment), growth improvements of expensive plants (for medicaments), laser 

isotope separation (LIS), laser decontamination of nuclear waste, and other hazardous materials - 

chemical and poisonous.  

 

Laser application in processing, measuring and diagnostics in mentioned areas is still increasing. In 

this study paper we will choose some selected applications from our measurements, analyzes and from 

references. Note that sizes of the material samples have great influence on human health as well as 

environment - animals and plants.  

 

Chosen laser applications in ecology, concerning linear and nonlinear processes in scattering 

phenomena are presented in this paper. Generally, they could be the basis for lidar (remote sensing) 

methods which are possible in various recognition processes because of connection to large 

measurement data base (data base is constantly adjusted and increased by laboratory performed data as 

well as from distance measurements - lidar, ladar, dial, colidar, white lidar, Raman lidar, etc). The 
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same methods and methodology are used in fire detection and monitoring as well as in control of 

volcanic dust, particles propagation, forensics [1-28].  

 

Dynamic and static light scattering depends on scattering area descriptions (scattering centre sizes). 

Therefore many different measurement devices are developed of modular and closed type. Here are 

presented laser measurement illustration of uranil salts solution [23]. 

 

Laser application for triggering artificial breakdown processes in atmosphere for the purpose of 

lightning protection belongs to intensive processes which have abundance of nonlinear and multi 

photon effects. On other hand they could be treated in area of new lidar type development (BELINDA, 

white light).  

 

The evaluation of error (uncertainty) in measurement belongs to processes of new error interpretation 

by using developed uncertainty which should be performed for each specific measuring method [24]. 

It means that uncertainty type "a" and "b" should be calculated for old measurements and accordingly 

a schedule should be done for new measurements including laser application in material description by 

scattering, fluorescence or absorption processes.  

 

All atmospheric investigations should be compared to other common methods (i.e. acoustics, 

electrostatic, etc) of real atmosphere definition with hydrodynamic parameters and depolarization state 

of scattered light. The use and importance of these measurements spread from every day's life to 

control of atmosphere's influence on overall human heritage.  

 

Anisotropy (molecular and macroscopic), optical constants by direct and indirect methods, optical 

constants of plants (canopy), or the objects of human heritage should be studied meticulously. 

Fluctuation of principal response material functions could be presented trough correlation function of 

index of refraction, density correlation, concentration correlation and anisotropy correlation. Higher 

order correlation function has characteristics behavior ~n
4 
where n is index of refraction. 

 

MATERIALS AND METHOD S  

 

Laser material cleaning  

 

The principal advantage of the laser material cleaning including every day's life as well as arts [17] 

and pharmaceutical applications, is the possibility to initiate excitation with high selectivity of the 

unique components of the compound mixture. From this point of view cleaning process could target 

only material in traces in the bulk of the basic material. There are many laser methods which are 

capable to achieve those demands. The processes include gaseous, liquid as well as solid state phases.  

 

Excitation in infrared range 

 

Many experiments with selective photo dissociation of organic inclusions (dopants, impurities, etc) 

were performed. Those processes are possible in first place due to possibility of coherent 

monochromatic or tuned wavelength of quantum generator or amplifier. Depending on energy 

difference between excited and ground levels and laser pulse photons energy, single of multi-photon 

processes are included [25, 26]. Some of them are triggered using pulse CO2 ʊɽɸ (Transversal 

Electric Atmospheric Pressure) laser for removing of organic impurities in AsCl3. CW CO2 laser was 

used for cleaning of BCl3 from CoCl2 residues. Pulse CO2 lasers triggered dielectric breakdown (DB) 

in the mixture of SiH4 and B2H6. The analysis of obtained vapors shows selective disappearing of 

B2H6. Some experimental details about quantum efficiency (output) during photochemical removing 

of AsH3 and PH3 from SiH4 at uvaser irradiation 193 nm are presented in Tab.1 [2].  
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Table 1: Quantum output during photochemical removing of AsH3 and PH3 from SiH4 during 

irradiation at 193 nm. (1 Torr=1mmHg=133.32 Pa.) 

Pressure AsH3,[Torr] Pressure SiH4, [Torr] Quantum output 

0.050 0.5 0.85 

0.050 0.5 0.88 

0.050 2.0 0.57 

0.050 8.0 0.46 

0.050 15.0 0.50 

Pressure PH3, [Torr] Pressure SiH4, [Torr] Quantum output 

0.050 0.5 0.61 

0.050 2.0 0.40 

0.050 8.0 0.34 

0.050 15.0 0.25 

0.050 15.0 0.30 

0.025 7.5 0.27 

0.025 12.5 0.25 

 
Figure 1. Influence of multi pulse and single pulse CO2 laser interaction in case of SiH4 cleaning from 

B2H6 by various SiH4 pressures (908.5 cm
-1
). B2H6 - 1 torr, SiH4 - 10 torr and 20 Torr. 

 ƴ- 10T.torr  - 20 Torr (1 Torr=1 mmHg=133.32 Pa).  

 

Influence of cumulative laser energy (multi pulse interaction) of IR CO2 lasers to SiH4 cleaning from 

B2H6 by various pressure of SiH4 is analyzed (Figure 1.) based on experimental data (Bradley Moore, 

1983) [2]. The cases analyzed in Figure 1. used two lines of CO2 lasers: 908.5 cm
-1
, (which coincide 

with SiH4 vibrations) and 947.7 cm
-1
 (non resonant). DPL - DB experiments include the heating with 

shock wave excitation, ionization and dissociation processes. Therefore DB methods have some 

advantages.  

 

UV Laser Photolysis  

 

Application of excimer lasers for removing of H2S from mixture of CO and H2 at UV photolysis 

processes was successful. These kinds of processes are useful as alternative for obtaining carbon-

hydrogen compounds from raw oil. The selectivity of the H2S excitation in the presence of appropriate 

synthesis gas could be 10
7
. Some earlier attitudes were, with 1 ppm content of inclusions, dopants: the 

common cleaning methods are more optimal than laser methods, but by c<1 ppm laser methods are 

more appropriate for the H2S cases (industrial applications are possible). The cases of SiH4 smudges 
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(Figure 2) could be solved with uvaser, also. SiH4 is commonly used for amorphous, mono-crystal and 

poly-crystal Si. It could be used from solar cells to integrated circuits.  

 
 

Figure 2. Influence of laser beams to the degree of cleaning of SiH4 from AsH3 and PH3, at 295 K (a), 

and 198 K (b), according to the equation expo A A
A A o

S S

n n
n

, where n is silane molecule 

concentration, and inclusions A, -quantum efficiency of the molecule re-movement, which is the 

number of the non-exited molecules and absorbed energy, in the units of UV quant-  and molecular 

density S  

 

Material Hardness 

 

Radiation hardness of the material of various types (nuclear, chemical, ultrasound, laser) is very 

important material performance which has to be known, especially hazardous environment as are 

nuclear accidents, earthquakes, volcano eruptions, mining accidents, as well as in the common 

working conditions, in nuclear plants near reactor, etc. Especially remote control is important and fiber 

role as a part of laser measuring systems, where fibers are used either as sensors or as 

telecommunications infrastructure, or part of fiber lasers and amplifiers [10]. 

 

Fiber optic sensors based on fiber optic components such are optical fibers, are today inevitable in the 

science, industry, medicine and mass media (magnetic and electric fields, chemical sensors, 

biosensors...). The influence of - nuclear radiation to optical fiber contributes to develop the 

environmental monitoring systems. The  and X irradiations are also of interest, considering the 

influence of radiation in medical treatment environmental conditions. Some of new optical sensor 

experiences are related to the development of fiber lasers and fiber amplifiers, followed by the fiber 

sensors that could be applied for high power nuclear radiation monitoring and detection systems for 

power control. This is very important for monitoring environmental conditions in the nuclear plants 

area, as well as in military purposes. The various measurement methods, which could be 

complementary to the standard methods for optical propagation diagnoses (the OTDR, dispersion 

measurements, infrared-IR spectroscopy...), could be applied in real time during the monitoring. Based 

on these techniques, the key parameters of irradiation processes could be precisely monitored and 

doses were determined by developed administration in nuclear laboratory. That fact leads to achieve 

monitoring results in real-time, and the dynamics of the processes could be of interest for the fast 

safety reaction. In general, the interest for study the influence of electromagnetic radiation in the 

whole electromagnetic spectrum is the topic in large scientific area, beside of nuclear physics, nuclear 

technique, interactions of nuclear radiations and particles with material, dosimetry and radionuclide 
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applications. That kind of investigation leads to developing the new environmental sensors with very 

good performances; such are dead zones, reacting times, range of EM radiation, etc. Above mentioned 

could be explicitly expressed by followed items: 

 the consideration of the influence of high energy nuclear radiation to fibers and materials in 

general in the purpose of measuring and sensing (GeV range energy detection); 

 the amelioration of nuclear detector [16] characteristics (particle detection by laser 

irradiation); 

 By the irradiation of optical fiber with different type of radiation (EM and nuclear). Especially 

the irradiation by the iraser of optical fiber another glass materials during drawing processes 

ameliorate the mechanical performances; 

 projects considering behaviour of material performances after the nuclear explosion past 

through the simulation and experiments; 

 monitoring of working area and ecological problems; 

 monitoring of working area in medical facilities; 

 Optical supply of sensors. 

Particle production and dimensioning by lasers and relationship with potentially hazardous 

dimensions 

 

Some results from the references and authors are presented in Figures 3 a, b, c, they present particle 

size distribution in various laser regime applications [25] and they deserve further study as in [21]. 

 

 
 

Figure 3a. Particles size distribution - obtaining nano particles from Al in N2 atmosphere. 
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Figure 3b. Fitting of particle size distribution with Lorentzian or ESC. Particles size distribution - 

obtaining nano particles from Al in N2 atmosphere 

 

The results from obtaining ultra fine particles from Al in N2 atmosphere are depicted in Figure 3a. 

They are common followed by X ray diffractometer, TEM as well as SEM analyses. Figure 3 presents 

Al and nitride AlN forming. TEM micrographs show both larger spherical and smaller particles. It is 

in correspondence with two types of particles with dimensional distribution (sizes) in the range 10-60 

nm and 60-120 nm. Al-particles are spherical, and smaller particles are spherical. Nitride particles are 

not formatted from Fe, Ni, etc. sheets. 

 

Up to date are produced nano and other particle sizes from metallic target with laser in various 

dynamic regimes: cw, Q switch (ns, ps and fs regimes) in different environments (Ar, He, O2, N2, etc). 

Some conclusions about laser role in particle production are:  

 Metallic material with high reflectivity, high thermal diffusivity and high boiling temperature are 

more difficult tasks for laser methods, 

 Metal evaporation and nano particle forming follow the rise time of the laser pulses and further 

during the exposition time, 

 Mean size of nano particles (10 - 30 nm) can be obtained from the appropriate metals in Ar or He 

atmosphere in near atmospheric conditions, 
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 Particle sizes decrease with pressure decrease, 

 Nanoparticles of metal oxides (Fe2C3, NiO, Al2O3, TiO2, CrO2, Cr2O3, WO3, Ta2O3, and MoO3) are 

obtained in O2 atmosphere (1 atm~10
5
 Pa). Nitride particles (TiN, ZrN and Ta2N) are obtained in 

N2 atmosphere; from Al target mixture of particles Al and AlN are obtained. These general 

conclusions have to be modified depending on the chosen demand.  

 For sensing purposes which include optical fiber with various material (glass or polymer based) 

include various powder material with different magnetic, piezoelectric or other optomechanics, 

optoacoustics, performances for broadening fiber sensing applications in wide range of 

environmental situations [10, 25]. 

 

Photochemical Separation of the Elements in Solutions 

 

Photochemical process investigation of separation in liquid phase had the spectral resolution lower 

than in gas or solid state. Metallic materials (elements) which could be subdued to photochemical 

transformation in order to change its pH degree (within regular solvents) are recognized in references. 

In Table 2, some elements where photo red-ox processes are accomplished as well as potential 

elements for those processes are supposed. 

 

Table 2: 

Photoredox processes  Elements 

Photoredox processes are 

performed 

Transient metals D 

V, Cr, Mn, Fe, Co, Cu, Nb, Mo, Ru, Rh, Pd, Ag, W, Ir, Pt, Au, Hg 

Transient metals F 

Lanthanides - C, Sm, Eu, Yb 

Actinides - U, Np, Pu,  

Photoredox processes are 

supposed  

Lanthanides - Tm 

Actinides - Am, Bk, Md, No 

 

Laser dynamic and static scattering in object dimensioning (molecules solution molecular 

interaction optical purity).  Static and dynamic laser scattering measurements and interpretations 

 

In Figures 4a and 4b are presented integral measurement for phytol i.e. angular distribution and in 

Fig.5 dynamical laser scattering data obtained by appropriate devices. The first data are scattering 

intensities for polarization components (Fig.4) and from Figure 5 it could be evaluated needed spectral 

linewidth for measuring the scattering on uranil salt molecules in water solution. Here we fitted 

obtained linewidth using Lorentzian in chosen working conditions.   
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Figure 4a. Static- integral scattering  intensity 

of phytol ,  

Figure 4b. Static- integral scattering  intensity 

of phytol  
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Figure 5. Dynamic LASER beam scattering on the solution of uranil salt [23].under ɗ=8

0
  and 

coherence with Lorentzian, ɻ=1.26 Hz (HHLW).(Technical detail - Scattering angle  

ɗ2=8app,UPM=0.75kV; filtre 0.3Hz ï 3000Hz  

 

White light lidar  

 

High-power laser pulses propagating in transparent media undergo a number of nonlinear effects. Non 

linear self-action leads to strong evolutions of the spatial (self-focusing, self-guiding, self-reþection), 

spectral (four-wave mixing, self-phase modulation) as well as temporal (self-stepening, pulse splitting) 

characteristics of the pulses. The propagation medium is affected, as it is partially ionized by the 

propagating intensive beam. New phenomena have been found and extensively studied since the 

1970s, from the theoretical and the experimental point of view. The development of the chirped-pulse 

ampliýcation -CPA technique permitted ultra-fast laser pulses producing (1985). High power laser 

make possible to observe highly nonlinear propagation in slightly non linear media (atmosphere). We 

will focus here on nonlinear propagation in air and on processes related to coherent white-light 

generation and ýlamentation [11, 26].  

 

White-Light Generation and Self-Phase Modulation (SPM) 

 

The spectral content of the emitted light is of principal importance for laser distance methods in 

atmosphere -environmental descriptions and measurement of atmospheric parameters and processes. 

Nonlinear propagation of high-intensity laser pulses provides self-guiding but also an extraordinarily 

broad continuum from the UV to the IR ranges. The formatted super continuum is generated by self-

phase modulation as nonlinear effects. Electro optics and electromagnetic effects (here Kerr effect) 

lead, due to the spatial intensity gradient, leads to laser beam self-focusing. The intensity varies with 

time, and the instantaneous air refraction index is modiýed according to: 

 

0 2( ) ( )n t n n I t ,   0
2 2 ( )

z
d n n I t

z
      (1) 

 

There from follow time-dependent phase shift. Note that ɤ is the carrier frequency, generates new 

frequencies 

 

o

d

dt
           (2) 

 

The smooth temporal envelope of the pulse induces a strong spectral broadening of the pulse about ɤ. 

The spectra, emitted by ýlaments were created by the propagation of a 2 TW pulse in the laboratory. 

The super continuum extends from 4 m to 400 nm. Measurements in air have shown an extraordinary 
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UV extension to 230 nm due to efficient third-harmonic generation (THG) and frequency mixing. It 

thus covers absorption bands of many trace gases in the atmosphere: methane, volatile organic compo 

unds (VOCs), aromatics, CO, NO2, H2O, SO, and ozone. It enables new, multi spectral lidar 

measurements of many beside mentioned. Filamentation studies have shown that white light was 

generated in the ýlamentary structure, and due to coupling with the plasma, leaking into the forward 

direction as a narrow cone. ñConical emissionò with the longer wave lengths in the center to the 

shorter wavelengths at the edge, extends over a typical half-angle of 0.12Ǔ. A more important aspect 

for lidar applications is the angular distribution of the white light continuum in the near-backward 

direction. In the ýrst fs lidar experiments, a pronounced backscattering component of the emitted 

white light was found. The angular resolved scattering experiments are needed. The emission close to 

the backward direction of the super continuum from light ýlaments was signiýcantly enhanced as 

compared to linear Rayleigh ï Mie scattering R-M S. Fig. 6 shows a comparison of the linearly 

backscattered R-M S from a weak laser beam with the nonlinear emission from a ýlament, for both s 

(left part) and p (right part) polarizations. At 179 degrees the backward enhancement amounts to an 

order of magnitude.  

 

 
 

Figure 6. Angular dependence of the white light intensity by a filament. A strong backwards enhance 

ment is observed for s(left) and polarization (right ). Circles present nonlinear emission, triangles 

scattering from, low-energy beam in the wavelength regions (400-450 nm). 180; experiments are close 

to the technical possibilities. [26]  

 

Nano-particles and Human Health 

 

Wide references exist now days concerning the benefits of nano-particles. We will only remain that 

the benefits should be carefully considered, due to no effects not so known which are reported 

sometime. Those are the elements of toxicity and the need for dosimeter point of view should be 

admitted in all applications not only nano, but the other kind of materials. In spite that materials as 

from chemically point of view are not hazardous, they should be dangerous for health if the sizes are 

smaller than some critical size. It is found in many cases. In the case of nano-material, nano-

toxicology exists as science and its development is steel increasing. It could be under titles: cellular 

toxicity, metal based nano-particles and toxicity, toxicity of silver nano-particles, ingested nano-

particles toxicity, new technique control of sizes of nano-particles, clusters for environmental, health 

and safety, nano-particles in sunscreens etc. Silver nano-particles, is a germicide, because their 

capability to suppress the growth of harmful organisms, but the further route should pay attention. But 

there also investigations that ingestion of commonly nano-particles at typical environment levels is 

unlikely to provoke over toxicity [18-20]. 

 

In the study of those problems, the diagnostics of nano-particles and measuring methods should be 

considered [27], including LDA methods and distance measurements of volcanic processes, and 

generally lidar methods in concentrations measurements and centers of scattering sizing. 
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CONCLUSION AND DISSCUSION 

 

Some of the results are presented, which should show the real descriptions of material with could be 

the objects of further analysis and interpretations as well as the links with other physical performances 

which are indirectly link with the optical performances. Some simulations and fittings of the results 

enable to evaluate the possibilities of obtained measuring results. Specific parameters and distribution 

shapes could be used for sample and method recognition. Especially, the tasks with laser dissymmetry 

should be fulfilled with inclusion the other dosimetries developed for spontaneous radiations in the 

same spectral ranges. From the presented  results measurements of some uranil salts are shown the 

possible order of magnitude of line-width which determine measuring complex-systems, as well as the 

intensity of static components measured on phytol in cylindrical angular disposition. Some nonlinear 

phenomena are considered from the point of view now (but successfully developed lidar systems) in 

atmosphere descriptions and obtaining real parameters. They belong also to the propagations of laser 

pulses in long distances and can be a part of solutions generalized Space problems considering space 

waste and defense using the chosen techniques as well as laser applications in isotope selections, 

measurements of low concentrations of material of different influence, as are military poisons etc. 

Nonlinear propagation of TW laser pulses exhibits several unique properties for multi-spectral lidar 

measurements extremely broadband coherent light emission (ñwhite light laserò) conýned in a self-

guided beam and back-reþected to the emitter as the laser pulse propagates. 
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ABSTRACT 

 

Air quality monitoring is not only a moral but also a legal obligation. Therefore, only laboratories that are 

accredited by the Accreditation Body of Serbia (ATS) can perform air quality monitoring. This paper gives a 

brief overview of the basics of air quality monitoring, legislation, as well as the current state of air quality 

monitoring in Serbia. In addition, inter-laboratory measurement of air quality for the purpose of accreditation of 

two laboratories is presented, as well as the measuring equipment and measurement results. Laboratories used 

the measuring device Recordum Airpointer, and measured the concentrations of carbon monoxide, nitrogen 

oxides and particulate matter. 

 

Key words:  air quality monitoring, Recordum Airpointer, carbon monoxide, nitrogen oxides, PM. 

 

 
INTRODUCTION  

 

Man can live for days without food and hours without water, but only minutes without air. An average 

adult inhales a total volume of approximately 15 cubic meters of air per day. Although the air is 

essential to life, exposure to polluted air can lead to significant health problems. Pollutants present in 

the air inevitably affect the human respiratory system and subsequently human health, because the 

entire amount of air a person breathes is filtered through the alveoli in the lungs. Because of that, air 

quality is of vital importance to human kind, and knowing the level of polutants in air is of great 

significance.  

 

Monitoring of air pollution (air quality monitoring) is a measurement of imission, or in other words, 

determination of concentrations of  harmful substances in the sorrounding air. Monitorimg can be 

divided into two categories (Nathanson, 2000):  

1. Outdoor air monitoring - which means the measurement of the concentration of pollutants in 

the air in the open areas, 

2. Indoor air monitoring - which means the measurement of air pollution in rooms where people 

live and work.  

 

In this paper only outdoor air monitoring will be presented. 

 

SOURCES OF POLLUTION 

 

Sources of ambient air pollution are mainly of anthropogenic origin (which means that they are the 

product of human labour) and they can be classified into two groups (Pavlovic, 2011): 

1. Stationary sources of pollution include:  

 pollution sources in rural areas related to agricultural activities, mining and quarrys, 

 sources of pollution related to industry and industrial areas (chemical industry, metal 

industry, electricity generation), 

 sources of pollution in the communal areas, such as heating, waste incineration, and 

others. 

2. Mobile sources of pollution include:  

 any form of vehicle with internal combustion engines (cars, motor boats, planes) 
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The level of air pollution has been changing with years. Today, the most influential parameters, which 

are measured in order to verify and monitor the condition of air pollution are: 

 Carbon dioxide - CO2 

 Nitrogen oxides - NOx 

 Volatile organic compounds - VOC  

 Particulate Matter - PM10, PM2,5   

 Ozone - O3   

 Sulfur oxides - SOx 

 

AIR QUALITY MONITORING IN SERBIA  

 

Serbia has its own network for air quality monitoring. Authority over the national network is 

delegated to the Agency for Environmental Protection. National network consists of 

automated monitoring stations, that work with reference methods. There are 40 stations in 

total, of which 28 stations were donated, and 12 stations were acquired with the help of the 

Fund for Environmental Protection of the Republic of Serbia, and some major operators (e.g. 

RTB Bor, CIS association). Locations of the monitoring stations is shown in the figure 1.  

 

Figure 1. Locations of automatic stations 

 
DESCRIPTION OF AIR QUALITY IN THE REGION OF BANAT  

 

Air quality is monitored by automatic measuring stations that are set at the measuring points, as 

defined by law. Zrenjanin (figure 2), is the largest city in the Banat region, located on the western edge 

of the loess plateau of Banat, at the point where the channeled Bega river flow into the former bed of 

the river Tisa. Municipal area is extremely flat area. The city lies at 20Á 23' east longitude and 45Á 23' 

north latitude. Elevation of Zrenjanin municipality is 80 meters, and ranging from 77 to 97 meters in 

the city. 
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Figure 2. Map of Zrenjanin 

 

LEGAL REGULATIONS ABOUT AIR MONITORING  

 

Governing law that addresses the air quality and monitoring is the "Law on Air Protection". It 

consists of 13 chapters, which are: 
 

1. General provisions, 

2. Air quality control, 

3. Requirements for air quality, 

4. Strategies, plans and programs, 

5. Measures for improvement of air quality, 

6. Measuring the emission and level of pollutants, 

7. Informing and reporting,   

8. Information system, 

9. Financing the protection and air quality improvement, 

10. Supervision, 

11. Authority on resolving the appeals, 

12. Penalties, 

13. Transitional and final provisions. 

 

This law is followed by the "Regulation on the conditions and requirements for air quality 

monitoring". It consists of 23 articles and 14 annexes that supplement this regulation. These annexes 

contain the upper limit values of pollutants that may be present in the ambient air, procedures for 

determination of measuring spots, required number of measurements during one year, reference 

methods, etc. These laws also define the requirements that firms must fulfil to be eligible to do air 

quality monitoring. The main condition is that laboratories are accredited by the Accreditation Body of 

Serbia (ATS). 

 

In our measurements we have used these laws and regulations, which helped us to determine the air 

pollution in Zrenjanin. 
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EQUIPMENT FOR THE MEASUREMENT  

 

For our measurements, we used automatic portable measuring station Recordum Airpointer. We 

measured five components: carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter (TSP, 

PM10 and PM2.5) and ozone. Each component is registered by separate module (figure 3.) 

 

 
Figure 3. Recordum Airpointer 

 

Measuring principle for CO ï Non-dispersive infrared (EN 14626) 

 

In the most basic terms, this component uses a high energy heated element to generate a beam of 

broad-band IR light with a known intensity at 4.6 ɛm wavelength. This beam is directed through 

multi-pass cell filled with sample gas. The sample cell uses mirrors at each end to reflect the IR beam 

back and forth through the sample gas to generate a long absorption path (figure 4). The length was 

chosen to give the analyzer maximum sensitivity to fluctuations in CO density. Upon exiting the 

sample cell, the beam shines through a narrow band-pass interference filter that allows only light at a 

wavelength of 4.6 ɛm to pass. Finally, the beam strikes a infrared detector that converts the light 

signal into a modulated voltage signal representing the attenuated intensity of the beam.  

 

Figure 4. CO Sensor 
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Measuring principle for O 3  - Ultra violet photometry (EN 14625) 

 

Measuring principle is shown in the figure 5. From a high energy UV lamp a beam goes alternately 

through two tubes, which are filled with the sample gas, alternately with the ozone sample and with a 

sample where the ozone is filtered. The decrease of the lightôs density, resulting from the presence of 

ozone, is measured with two detectors at the end of the tubes. Two-path design ensures correction of 

possible changes in light intensity. 

 

 

Figure 5. Ozone Sensor 

 

Measuring principle for SO2 ï Ultraviolet fluorescence (EN 14212) 

 

The SO2 module of the Airpointer measures the amount of sulphur dioxide in a sample. This is done 

by exciting the SO2 molecules by ultraviolet light with a wavelength of 214 nm and then measuring 

their fluorescence (figure 6). The sample gas is lighted with an UV lamp, which causes the sulfur 

dioxide part of the gas to absorb energy. The absorbed energy is emitted as a light pulse (photon) 

shortly afterwards, which is measured with a photo multiplier tube. 

 

 

 

Figure 6. Sulfur Dioxide Senzor 

 

Measuring principle for NOx ï Chemiluminescence (EN14211) 

 

The device measures the concentration of NO and NOx in a gas sample and is able to calculate the 

concentration of NO2. In this case the analyzer measures the chemiluminescence of nitrogen 

monoxide when it reacts with ozone. Nitric Oxides in the sample gas react with ozone and this 

reaction results in electrically excited molecules. These molecules release their excess energy by 

emitting photons, which are measured by a photomultiplier tube. The Airpointer NOx  module is 

equipped with a delay loop to allow NO and NO2 results from the identical sample. 
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Figure 7. Nitrogen oxide Sensor 

 

Measuring principle for Particulate Matters (TPM, PM 10 and PM2,5) 

 

The Airpointer PM module uses a well proven optical method, the nephelometry. A sample heater 

minimizes humidity effects. It uses a light-scattering photometer with a near-IR LED, a silicon 

detector hybrid preamplifier and a source reference detector. The light scattered is proportional to the 

particle concentration. This is the fastest particle concentration measurement with high precision and 

very low detection limit. There might be a dependency on particle properties for the calculation of the 

mass concentration. The Airpointer PM module is equipped with a TSP head. To switch to PM10 or 

PM2.5 measurements the operator simply has to change to size selective sample inlets, which are 

optionally available. 

 

Figure 8. Airpointer Nephelometer Module 

 

MEASUREMENT RESULTS  

 

Purpose of this measurement was preparation of Laboratory for environmental protection and energy 

efficiency (which belongs to the Technical Faculty ñMihajlo Pupinò Zrenjanin) for the accreditation 

procedure. Measurement was conducted in the backyard of the ñGerontoloski centar Zrenjaninò. 

Measurement of air pollution was done on Airpointer, which was set in 4 p.m. and put into operation. 

It began to measure after half an hour because it had to reach its working temperature, which was at 

4:30 p.m. All parameters were measured for 20 hours, except the suspended particles which were 

measured on three occasions: total suspended particulates from 4:30 p.m. to 9:30 p.m, PM10 from 9:30 

p.m. to 08:30 a.m, PM2,5 from 08:30 a.m. to 12:30p.m. In order to measure these three parameters, we 

had to manually change the modules that are on top of the Airpointer. Results of measurement are 

presented in table 1. Our measured values are averaged on 20 hours. 
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Table 1: Table of measured and limit values 

Parameters Measurements [ɛg/m
3
] Daily limit values [ɛg/m

3
] 

NO 4.79  

NO2 14.43 85 

NOx 22.04  

CO 0.98 5 

O3  43.12 120 

SO2 29.22 125  

TSP 104.48  

PM10 68.60 50 

PM2.5 60.99 25 

 

Obtained results canôt be strictly compared with the limit values given in "Regulation on the 

conditions and requirements for air quality monitoring", because we measured for less than 24 hours. 

Nevertheless, it can be seen that all results are far below their respective limit values. Only exception 

is particulate matter. There could be few reasons for that. Firstly, and most probably, the backyard is 

used as a parking lot for medical vans, and secondly whole gerontology center is very near to the busy 

road and ñDijamantò factory. For the definitive answer, more measurements are needed.  

 

CONCLUSION 

 

Air quality is vital to a human health. Hence, it is evident that air quality monitoring is an important 

activity, and that it must be preformed constantly. Republic of Serbia has its own network of 40 

measuring stations, but they are stationed and sometimes not very well serviced. Because of that, there 

are private firms and Public Health Institutes that have accredited laboratories with adequate 

measuring equipment.  

 

Technical Faculty ñMihajlo Pupinò from Zrenjanin possesses the Laboratory for environmental 

protection and energy efficiency, which is currently in the process of accreditation. This measurement 

of air pollutants served as a good practice for the researchers, and showed that measuring equipment is 

in the excellent working condition.    
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ABSTRACT 

 

This paper presents a system for mathematical modeling dispersion of air pollutants in the boundary layer of 

atmosphere in real time. The basis of this system is straightforward Gaussian plume model. Input for the model 

are meteorological data which provides an automatic meteorological station, then emission and the other set of 

data like 3D topography, physical and chemical properties of the pollutants through the input files. One such 

system has been developed earlier to control the environment of nuclear facilities in NI "Vinca", today in PC 

nuclear facilities of Serbia (PC NFS) at Vinca. 

 

 

INTRODUCTION  

 

Industry and its products are now considered to be the most important man-made sources of pollution 

atmosphere. Chimneys, ventilation outlets, disposal and storage of waste and other harmful 

substances, exhaust systems of transport vehicles, sprayers for plant protection in agriculture are some 

typical artificial sources of atmospheric pollutants. Beside the systematic pollution of atmosphere, 

Besides systematically pollute atmosphere in the routine work of these sources, in accidental 

situations, these sources can additionally and uncontrollably to spoil of the air quality in the boundary 

layer of the atmosphere in which occurs most human activities. 

 

When pollutants get into the atmosphere they feel the wind transport, atmospheric diffusion, dry and 

wet deposition (deposition), raising the soil after deposition (resuspension) and chemical 

transformations. Consequence of the emission of pollutants into the atmosphere and the processes of 

propagation through the atmosphere is their presence in larger or smaller concentrations. 

 

These concentrations can in principle obtain measurements in the monitoring points or mathematical 

modeling. These concentrations can be obtained by measuring with a monitoring network or by using 

mathematical modeling. 

 

Measuring the concentration of pollutants using monitoring network is still in principle technically 

complex and expensive procedure, whether it is about systems that provide real-time information, 

whether the information obtained by subsequent analyzes of air samples in the laboratory. With an 

increase in the number of measuring points the problem is increased. 

 

Monitoring the distribution of pollutants in the atmosphere, can also be performed by applying 

mathematical dispersion models, which calculate their fields concentration. Mathematical models in 

addition to providing information on the concentrations of pollutants in the entire computational 

domain in the form of field concentration, have the convenience of having a relatively low-cost tools. 

Disadvantages of mathematical models, in terms of their practical application in the analysis of air 

quality in real time or for subsequent analysis, is mainly due to inadequate input data. 
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Gaussian straight line plume model 

 

 After an accident at a nuclear reactor at Windscale, Cumbria, 1957. The British Meteorological Office 

was to provide procedures for the calculation of the concentration of windborne pollutants. The 

problem was divided into two questions-solving formulation of relations that are related to the 

dispersion of the conditions in the boundary layer of the atmosphere and their presentation on the basis 

of available meteorological data.  

 

The British Meteorological Office issued a decision in the first of these problems in the form of 

technical note in 1961, (Pasquill, 1961) in the form of work that is to link the standard deviation of 

wind direction fluctuations in the horizontal and vertical directions with concentrations of pollutants in 

the air. 

 

This research and the recommendations of British meteorological service have led to work Pasquill 

(1961), in which he suggests a method to estimate diffusion. Pasquillôs method, spreading plume of 

pollutants in the vertical and horizontal direction, expressed by the standard meteorological 

measurements and observations wind speed, insolation, cloudiness. Based on this, he ordered the six 

classes of stability. 

 

Curves of vertical and horizontal lateral spreading plume, depending on the distance from the source 

of the wind are given for these classes of "stability." 

 

Gifford (1961) was converted Pasquill angular spread of smoke plumes, expressed by the standard 

deviation of wind direction fluctuations in the horizontal and vertical directions, to the standard 

deviation of the fluctuations in the concentration of pollutants in the plume y i z , now known as 

Pasquill-Gifford (PG) family of sigma curves, Hanna S.R. (1980). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Graphical presentation of ů curves 

 

To determine the PG class of "stability" as the input meteorological data using a standard hourly 

meteorological measurements. The main drawback of this approach is a subjective assessment of 

sunshine and clouds. For example, the strong insolation Pasquill gives a definition: "It's insolation that 

occurs mid-day, mid-summer in England ....." 

 

The next important step in the development of the concept of problem solving dispersion of pollutants 

in the boundary layer of the atmosphere was quantification Pasquill scheme done by Turner defining a 

strong, moderate, low and poor insolation at the height of the Sun above the ground, cloudiness and 

amount of prevailing type of clouds , which overcome uncertainty in Pasquill classification scheme, 

Turner (1964). 
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Presented concept of stability class led to a mathematical model, whose main input data wind speed, 

stability class and the data on the source of pollutants, the strength of the source and its height. 

 

This model is well-known equation of Gaussian straight line plume IAEA (1980), Nieuwstadt F.T.M. 

(1982): 

 

       (1) 

 

 
Where: 

C (x, y, z)  the concentration of pollutants at the point (x, y, z) 

Q     strength source (emission rate) (kg / h, Bq / h ...) 

ůz   standard deviation of the Gaussian cloud in the direction of z axis,   

  which define its dimensions in terms of time t or distance downwind  x =u t, (m) 

ůy           standard deviation of the Gaussian plume in the direction of y-axis  (m) 

H   the effective source height 

 

With the increasing use of personal computers in their daily work eighties, there has been increasing 

use of mathematical models for air quality in the area of industrial and municipal sources of pollutants.  

 

At the same time the market began to offer models of various levels of complexity, which however, 

were hardly applicable in each particular case, as delivered in the executive form, without the option 

that users can access the code and to make some changes according to their requirements. 

 

Commercial names of some models that can be purchased on the market or over the internet, are for 

example RIMPUFF, AERMOD, CALPUFF, ISC3éé. A particular problem in applying a 

commercial model, is the provision of the necessary input data. In order to promptly respond to the 

increased concentration of pollutants in the atmosphere, particular in accidental situations it is 

necessary that mathematical diffusion models are integral parts of software automated measuring 

systems, which are installed in the zone of influence of sources of pollutants, and as output can 

provide concentration fields in real time. 

 

Preparation of input (meteorological) data in the PC NFS 

 

As it was mentioned in the previous chapter, one of the main problems in the application of 

mathematical models to solve the problem of propagation of pollutants in the boundary layer of the 

atmosphere is the provision of meteorological input data for the location of the source of pollutants. 

 

In R. Serbia only a small number of industries has its own meteorological program appropriate to start 

the mathematical models of atmospheric dispersion, Mikkelsen T.(1980).  

 

National network of weather stations and  automatic weather stations of the national automatic air 

quality monitoring can not be used for this purpose, because the first of them were primarily in a 

function of various meteorological program Hidrometeorological Institute of Serbia and they are only 

rarely placed  in representative locations of sources of pollutants. National automatic air quality  

monitoring network at its stations have automatic weather stations too, but they do not follow all the 

meteorological parameters that are required to start the mathematical model of air dispersion 

Nieuwstadt F.T.M. (1982), Rajkovic (2002). 
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In PC NFS we have established meteorological program which is subordinate to the requirements of 

computer codes that we have developed for modelling dispersion of pollutants in the boundary layer 

of atmosphere and it is primarily based on measurements with automatic meteorological station on the 

meteorological tower 40 m tall, Grsic Z. (2001), Grsic Z. (2004).  

 

For the Computer code for routine work, which is based on the Gaussian model of atmospheric 

diffusion and Pasquill original theory, also was established a program of classical measurements and 

observations, Gifford F.A. (1961).  

 

This program provides the input data: cloudiness in total and by type, height of the base of prevailing 

cloud, wind speed and direction at a height of 10m above the ground and precipitation, at each hour 

term of meteorological measurements and observations.  

 

Insolation in each hourly term and the beginning of the day and night (sunrise and sunset for any 

location sources) are determined by the computer code that we developed based on spherical 

trigonometry equations that define the relationship of the sun between horizon and equatorial 

coordinate astronomical system Grsic Z. (2011). 

 

Classic program of meteorological measurements and observations in PC NFS serves as a reserve and 

used when the automatic weather station is out of service. 

 

Basic meteorological program based on measurements of automatic meteorological station, among 

other benefits, allow direct determination of stability class at Turner's scheme in practically real-time 

and access to the same rate and to the values of  ůz and ůy, Turner D.B. (1964). 

 

 
 

Figure 2. Schematic representation of automatic meteorological station in PC NFS 

 

Data from these stations, which figure as input meteorological data of model are recorded in a minute 

(for accident emission) or ten-minute (for routine emission)  in a file that is automatically created for 

each new minute or ten-minute data set, the format is as in the example below: 
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1211080835  15.5  95.5  734  321 7.3 313  3.1  22.1  10.1 323  24.9  15.4 343  1.5 -1.2345E-06 4 

Date, month, year, hour, minute (two digits) 

1211080835            
T_Temperature at 2m 

15.5   

H_ Humidity at 2m 

95.5 

glo_Global Sun Insolation  

734 

nr_Net radiation  

321  

v_Wind speed at 2m 

7.3 

dd_Wind direction at 2m 

313   

RR_Precipitation    

3.1 

T_Temperature at  10m 

22.1 

v_ Wind speed at 10m  

10.1 

dd_ Wind direction at 10m  

323 

T_Temperature at  40m  

24.9 

v_Wind speed at 40m 

15.4 

dd_Wind direction 

343 

w_Vertical wind component at 40m  

1.5  

MO_Monin Obukhov length  

-1.2345E-06    
SC_Stability class   

4                

 
Figure 3. Automatic meteorological station in PC NFS 
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Preparation of other input data for the mathematical model of atmospheric dispersion 

 

Source characteristics 

 

Point sources, for example (high chimneys), in the file with the input data on the sources, are 

presented with their intensity (speed emission), with its coordinates on the computational domain, then 

with physical height, with exit diameter, with a temperature of exit gases and with their vertical speed. 

Line, surface and volume sources are displayed as a number of point sources, which are described with 

previously mentioned data for point sources. 

 

Number of sources is practically unlimited and depends only on the capacity of the computer and its 

ability to follow the dispersion process in real time. 

 

Physico-chemical characteristics of the pollutants 

 
Basic set of these parameters provides information about the density of pollutant, if  particles are 

concerned their particle diameter and speed of dry deposition and leaching coefficient for wet 

deposition, Pendergast M.M. (1984). 

 

Thickness of the mixing layer 
 

This parameter is taken as a parameter based on a variety of literature, depending on the stability 

classes according with Pasquill scheme Yamada T.  (1975). 

 

Relief-3D maps of the terrain around  Vinca 
 

Although these models have been developed for flat terrain, but due to a number of good qualities, 

they are adapted for use on uneven ground, the theory of Witek( 1975 ). 

   
Figure 4. Topography in the mathematical model of PC NFS 

 

For any territory, 3D orography of the terrain can be downloaded from Google Maps. 

 

Practical application of the model PC NFS 

 

The concept of a mathematical model that was developed for the purposes of environmental control 

PC NFS, had its practical application in several projects, and here are illustrations of some application 

in the next figures: 
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Figure 5. Industrial zone of Pancevo                       Figure 6.  Cement factory Lafarge 

Grsic(2004)        Grsic (2002) 

 
 

Figure 7. Thermal Power Plant Nikola Tesla of Obrenovac, Grsic (2010) 

 
CONCLUSION 

 

Straight line Gaussian plume model is one of the most commonly used mathematical models in the 

world, which is used to estimate the distribution of pollutants through the boundary layer of 

atmosphere. Commercial "models"- software packages, whose base is previously described Gaussian 

model of atmospheric diffusion, that are offered for free over the Internet or in a favorable commercial 

form, have the disadvantage that they are available to users as a executive software, whereby users can 

not access the code and adapt it to their specific requirements. A particular problem is the preparation 

of input data. Meteorological data are a problem, because industrial and the air pollution sources-

users, usually have no meteorological programs in their locations. The application of the model for 

commercial purposes in addition to these general issues is of particular, relating to the listing of the 

sources according to their type, such as line, surface or volume sources, or input 3D terrain topography 

on the selected computational domain. Harder way to overcome this problem, is for users to develop 

their own codes of models, but at least in our country, it is not so easy because the laws regarding the 

control environment does not give importance to this approach to solving problems in the way as it is 

done in developed countries. In the PC NFS, we have developed our own codes, based on the air 

diffusion models recommended by all relevant world organizations WMO, IAEA, EPA, ....., on them 

are also based licensed "models" such as RIMPUFF, AERMOD, CALPUFF, ISC3 .......,by 

WMO(1982), IAEA (1980), EPA(2013) etc. Because we have developed our own codes for 

atmospheric dispersion, we have managed to solve different problems in the assessment of 

environmental impacts of various industrial facilities, and the experience during the bombing has 

confirmed that with this approach we are able to answer to the demands of environmental control 

using mathematical models even in the most complex accidental situations Grsic (2007). 
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ABSTRACT 

 

Risk characterization involves collection of data on the toxicity of a chemical agent to which a given group of 

human population is exposed, as well as collection of data on the exposure characteristics. The collected data 

are presented both qualitatively and quantitatively for the purpose of establishing the risk level for agents with a 

potential carcinogenic or non-carcinogenic effect. This paper presents a methodology of quantifying exposure to 

air pollutants, which is a function of their concentration and their effect duration. Thus, it is possible to quantify 

health risk ï by using physical equations ï for the territory of the City of Niġ from 2001 to 2011, in relation to 

SO2, CO, NO2, and soot concentrations in ambient air. 

 

Key words: health risk, uptake dose, air pollution, hazard quotient, total cancer risk. 
 

 

INTRODUCTION  

 

Health risk is defined as the probability of unwanted effects on human health, which are a function of 

exposure to pollutants, their concentration, and their effect duration in environmental mediums (air, 

water, and soil) under real conditions. 

 

Health risk assessment can be qualitative and quantitative, and it is performed by means of appropriate 

scientific methods. When assessing health risk, it is necessary to include the following stages: hazard 

identification, determination of the dose-response relationship (toxicity assessment), exposure 

assessment, risk characterization, and risk presentation. Thus, risk assessment can be presented as a 

process that determines hazard, exposure, and risk (Figure 1). 

 

 
 

Figure 1. Relation between risk assessment and risk management procedures 
 

The health risk characterization stage is the most important stage in risk assessment and it results in a 

qualitative and quantitative assessment of health risk. Scientifically-based health risk assessment is of 

great national importance. Errors in health risk assessment can have multiple negative effects from the 

health, social, and economic perspective. Health risk assessment and health risk management are inter-
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dependent and objectively connected in space, time, and development. Health risk assessment is 

followed by risk management decisions. 

 

EXPOSURE ASSESSMENT 

 

During health risk assessment, determination of the level of exposure follows after identification of the 

chemical agent that has been confirmed to potentially cause detrimental health effects. 

The magnitude of exposure is a function of the chemical agent exposure concentration and the time 

interval of its effect, and it is expressed with the following equation (Figure 2): 
 

2

1

t

t

E C t dt ,                                  (1) 

 

where: E ï magnitude of exposure mg/m
3
/duration; C(t) ï concentration of agent as a function of 

time mg/m
3

; and t
2 
- t1 ï exposure duration ED . ED is a continuous period of exposure (e.g. a day, 

a week, a year, etc.).  
 

 
 

Figure 2. Functional dependence of exposure on concentration and effect time 
 

Exposure concentration of the agent C(t) can be equal to zero during an interval of the exposure time. 

The total exposure is calculated for a given individual, for a specific chemical agent, and for the 

corresponding exposure dose for the given period of time. 

 

Exposure assessment is most often based on the actual maximum exposure (AME), which is defined 

as the maximum exposure present in the designated area. AME is assessed for each identified 

exposure pathway. In case the population becomes exposed to the same chemical agent through 

different exposure pathways, the AME has to reflect the actual impact of multiple exposure pathways. 

Exposure pathways are determined based on the types and locations of pollution sources, the manner 

of pollutant emission, physicochemical and chemical transformations of pollutants, as well as the 

living conditions of the observed subgroups in the exposed population.  

 

Exposure quantification includes determination of the size, frequency, and duration of each identified 

exposure pathway. Exposure quantification is conducted by assessment of concentrations and 

calculation of toxic agent uptake. 

 

Assessment of concentrations involves determination of concentrations of the identified chemical 

agents in an environmental medium, to which an individual of a given subgroup (children, healthy 

adults, unhealthy adults, senior citizens, etc.) is exposed during a certain period of time. Concentration 

of chemical agents in a given environmental medium is established by use of standardized measuring 

methods; if measuring is not possible, the adequate mathematical models for concentration prediction 

can be used. 
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Uptake calculation involves calculation of the quantity of chemical agent coming into contact with the 

exposed personôs body per unit body weight per unit time (expressed as mg/kg/day), according to the 

defined uptake pathway [1]:  
 

 daykgmg
AT

EFETED

BW

IR

x

iii

y

y
//C dose Uptake xi,

      (2) 

 

where:  Ci,x ï concentration of pollutant x in environment i mg/m
3

; IRy ï individual respiratory rate 

at rest per unit time for a representative individual in subgroup y in environment i m
3
/day ; ETi ï 

exposure time of the representative individual in environment i days/years; BWy ï body weight of 

the representative individual in the observed subgroup, represented as y kg ; EDi ï exposure duration 

for the representative individual in environment  i year ; and ATx ï average time of effect duration of 

pollutant x days. 

 

Inhalation rate, distribution, and resorption of the inhaled air pollutant vary according to the features 

of individuals in a subgroup. Accordingly, the average uptake of air pollutants is assessed through 

parameters for a representative individual in a subgroup. Exposure in relation to average uptake of 

airborne pollutant x and in relation to the representative individual with average anatomical and 

physiological features in their subgroup, in environment i, is calculated with the following physical 

equation: 
 

i,x,y i,x= 0,001 C
y i i i

y x

IR ED ET EF
E

BW AT
,      (3) 

 

where: Ei,x,y ï exposure, or the average uptake of pollutant x as a function of time, for the 

representative individual y in the observed subgroup in environment i  mg/kg per day. 

 

For the assessment of potential carcinogenic effects in Eq. 3, Ci,x is the arithmetic mean of annual 

measured concentrations of pollutants to which an individual in a subgroup is exposed during one or 

more years. 

 

RISK CHARACTERIZATION FOR POTENTIAL CARCINOGENIC EFFECTS  

 

For the assessment of carcinogenic effects due to long-term exposure to pollutants, the potentially 

higher risk of carcinogenic diseases can be determined as the product of exposure and carcinogenic 

coefficient, established for every carcinogenic pollutant. The potentially higher risk of an individual in 

subgroup y developing cancer due to exposure to pollutant x is: 

 

, , , ,i x y i x y xICR E SF ,                        (4) 

 

where: ICRi,x,y ï probability of individual cancer risk for individual y exposed to pollutant x in 

environment i, SFx ï carcinogenic coefficient of pollutant x mg/kg/day.  
 

To determine the total risk of carcinogenic disease development for the population represented by 

individual y, due to exposure to agent n in environment i, the individual risks are summarized as 

follows: 

 

, , ,

1

n

i y i x y

x

CR ICR  .                            (5) 

 

Use of this equation implies that exposure to different carcinogenic substances produces additional health 

effects. If the available data on the toxicity of those substances does not indicate any additional effects, 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 108 

the equation may be modified by eliminating smaller risks caused by non-carcinogenic pollutants. For 

instance, if a pollutant in a pollutant mixture doe not produce carcinogenic effects in the exposed 

population, the total risk of cancer is equal to the risk caused by the pollutant with the highest ICRi,x,y 

(individual cancer risk) value. 

 

RISK CHARACTERIZATION FOR NON -CARCINOGENIC EFFECTS   
 

The US EPA recommendation presupposes that non-carcinogenic effects occur only if the exposure 

threshold of a chemical agentôs reference dose (RäD) has been exceeded. For air pollutant exposure, 

the EPA established a reference concentration (RäC), which represents the exposure concentration 

threshold below which, even with continuous inhalation, there are no detrimental health effects, 

including the highly-sensitive population. RäC can be equated with RäD by multiplying the RäC with 

the individual respiratory rate of individual y (IRy) and dividing it with the individualôs body weight 

(BWy). When assessing the probability of non-carcinogenic diseases, the risk of non-carcinogenic 

diseases can be assessed as the ratio of exposure and the corresponding RäD for a given pollutant. It is 

worth noting that the     Ei,x,y for the calculation of carcinogenic effects differs from the Ei,x,y for 

non-carcinogenic effects. The increased probability of health risk in individual y exposed to non-

carcinogenic pollutant x in a given subgroup in environment i can be obtained by calculating the health 

risk hazard quotient (HQ):  

 

, ,

, ,

i x y

i x y

E
HQ

RfD
,                               (6) 

 

where: HQi,x,y ï health risk hazard quotient for non-carcinogenic substances (dimensionless quantity).  

 

Health risk HQ for non-carcinogenic substances implies the existence of an RfD below which there is 

low probability of any detrimental health effects on the exposed population, even on the highly-

sensitive population (e.g. children). If the exposure level exceeds this limit, i.e. if the E/RfD ratio 

exceeds 1, there is a possibility of negative non-carcinogenic effects. Table 1 shows the relationship 

between the HQ and health risk categories.   
 

Table 1: Relationship between HQ values and health risk categories 
 

Health risk hazard quotient (HQ) Health risk category 

1 < HQ Ò 1,6 Low 

1,7 < HQ Ò 2,3 Moderate 

2,4 < HQ Ò 4 High 

4 < HQ Very high 
 

The bigger the E/RfD ratio, the bigger is the possibility of detrimental effects. However, during 

exposure to a mixture containing up to 10 substances, in case of their addition, health risk assessment 

is performed for each substance based on their HQ value. According to the US Agency for Toxic 

Substances and Disease Registry (ATSDR US) recommendation from 2001, the value 0.1 is used as 

the acceptable HQ value, i.e. the value for which there is no increased health risk from non-

carcinogenic substances interacting in the mixture. 

 

To establish the sum non-carcinogenic effect of exposure to a non-carcinogenic chemical mixture, the 

health risk HQ values are summed, resulting in the Hazard Index (HI): 

, ,

1

n

i x y

x

HI HQ  .                          (7) 

 

For pollutants that do not produce additional non-carcinogenic effects, the HI value should be equal to 

the maximum pollutant HQ value (or the maximum aggregate value of pollutants that produce 
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additional effects). Therefore, negative health effects are to be expected only when exposure dose 

exceeds the RäD. HI value does not represent risk probability in the same manner the ICR obtained by 

carcinogenicity analysis does. For instance, HI value 2 does not represent risk duplication but only 

implies an increased level of non-carcinogenic risk. 

 

RISK FROM EXPOSURE TO STANDARD AIR POLLUTANTS ON THE  

TERRITORY OF NIĠ 

 

Table 2 provides an overview of HQ values and ICR probability for the territory of Niġ from 2001 to 

2011. To determine the HQ values, we started from the assumption that the population over 18 years 

of age and under 10 years of age was exposed to an air pollutant for four hours a day. HQ and ICR 

values were then determined for annual exposure.   

 

For the territory of Niġ, the exposure values required for determining HQ and IRC were taken based 

on the measured air pollutant concentrations monitored within the existing monitoring network and 

based on the predicted concentrations in areas where no measurements had been performed. Prediction 

of soot particulate concentration was made by means of the Radial Basis Function (RBF) neural 

network (Table 3). 

 

Table 2: Health risk hazard quotients (HQ) and probability of individual cancer risk (ICR) from 

exposure to air pollutants on the territory of Niġ from 2001 to 2011 
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Table 3: Maximum predicted annual exposure concentrations of health-risk causing air pollutants in 

ambient air in the City of Niġ from 2001 to 2011 
 

 
 

Based on exposure concentrations of air pollutants on the territory of Niġ, given in table 3, we can 

conclude that, for the analyzed period, the pollutant that exceeds the immission limit value (ILV) the 

most is carbon monoxide (CO) (ILV = 3 mg/m
3
). High CO exposure concentrations caused the highest 

HQ values, which ranged from 1.1 to 2.38 in the exposed over-18 population and from 2.62 to 6.61 in 

the exposed under-10 population. Likewise, based on the data given in tables 2 and 3, we ascertain that 

the health risk caused by exposure to non-carcinogenic substances SO2 and NO2 for the observed 

period was discontinuous and that it ranged from low to high level, except for SO2 in 2008, when the 

health risk level for the under-10 population was very high. 

 

CONCLUSION 

 

Pollutants in ambient air indirectly affect the health risk level in the exposed population. This indirect 

dependency is realized through detrimental health effects, which are directly dependent on exposure 

and which originate from the interaction of pollutants and molecules ï receptors ï in the human body. 

 

Health risk level in the exposed population is quantified (presented as a health risk assessment) by 

means of equations in order to grade risk or to determine the probability of cancer. 

 

In order to quantify the magnitude of health risk, the magnitude of exposure needs to be quantified 

first. The magnitude of exposure is a function of concentration, i.e. dose per unit time of inhalation 

(uptake time). 

 

For the entire analyzed period (2001-2011) on the territory of Niġ, we observed high CO exposure 

concentrations and estimated the health risk level as ranging from low to very high. The health risk 

due to exposure concentrations of other analyzed pollutants is less prominent on the territory of Niġ. 

The causality between ambient air quality and health risk on the territory of Niġ needs to be studied 

separately through CO exposure in the air.  
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ABSTRACT 

 

In order to evaluate impacts of two major Serbian coal thermal power plants ñNikola Tesla Aò (TENT A) and 

ñNikola Tesla Bò (TENT B) on concentration of sulphur dioxide (SO2) in Belgrade, the AERMOD modeling 

package is used. The main sources of SO2 emissions in the city of Belgrade are traffic, heating power plants and 

individual fireboxes. TENT A and TENT B are the one of the largest coal thermal power plants in Serbia and in 

the Southeast Europe, and since the work without flue gas desulfurization (FGD) system, their influence on air 

quality in Belgrade is considerable. Two scenarios are analyzed in this study: Scenario 1(present situation 

without FGD) and Scenario 2 (future situation after installation of FGD). Results are presented on annual 

means [Õg m
-3
] plots. Estimated annual means concentrations of SO2 in 2010, shows that contributions of 

examined power plants, depending on the part of the city, are 7.73 to 13.24[Õg m
-3
] for Scenario 1, and 1.36 to 

2.34[Õg m
-3
] for Scenario 2. Considering that annual mean concentration of SO2 in 2010 for city of Belgrade is 

23[Õg m
-3
], it can be concluded that examined power plants have great influence on SO2 concentration in 

Belgrade, and that installation of FGD will significantly contribute to better air quality in the city of Belgrade. 

 
Key words: thermal power plant, SO2, AERMOD, modeling, FGD. 

 

 
INTRODUCTION  

 

The air quality in the Republic of Serbia is mainly determined by the emissions of Sʆ2, Nʆx, Cʆ, 

particulate matter and other pollutants which originate from thermal power plants (use of lignite and 

poor precipitation) and industrial plants. Air quality is especially aggravated during the weather 

conditions without wind and during the heating season.  

 

Electricity in the Republic of Serbia is generated within the PE Electric Power Industry of Serbia.  

 

Belgrade (population 1.6 million) is situated at the crossing of the communication paths between 

eastern and western Europe, on the Balkan Peninsula. It has grown around the banks of rives, the Sava 

and the Danube, at their confluence, and has average elevation of 116.75 m, with characteristics of 

hilly city. The Belgrade metropolitan area combines two different natural settings: the Pannonian Plain 

to the north and the hilly Ġumadija to the south. 

 

The climate is moderate continental, with four seasons; the average annual temperature is 11.9 C, 

January is the coldest month (average 0.4 C) and July the hottest (average 21.7 C); an annual average 

of 139 days with precipitation (annual average 667.9 mm). [3]  

 

The SO2 concentration in the city of Belgrade show very regular variability, with high concentration in 

winter (October-March), the cold season, and a gradual decrease to minimum values in summer. The 

analyses shown in [3] indicate that the maximum concentration of SO2 in winter months is 

concentrated around the area with several poorly filtered large heating systems near the center of the 

city. In summer, the maximum is shifted more to the Industrial area near the Danube riverbank. The 
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data show that the SO2 values exceed the limit value only during the winter season, almost exclusively 

in the central city zones. 

 

Since total estimated emissions of Sʆ2 from the plants of the PE Electric Power Industry of Serbia are 

360,440 t/year, out of 81,707 t/year from TENT A and 50,110 t/year from TENT B [1], in this paper, 

we focus on influence of two coal fired power plants in the vicinity of Belgrade (Thermal Power Plant 

ñNikola Tesla Aò and Thermal Power Plant ñNikola Tesla Bò) on SO2 concentration in this city. Since 

they use lignite as a fuel, those two power plants present major sources of SO2 emission in this part of 

Serbia, as well. We evaluate present situation (Scenario 1) when plants operate without a system for 

flue gas desulfurization (FGD) and future situation (Scenario 2), according plans of  PE Electric Power 

Industry of Serbia, when all existing units work with installed FGD, plus new additional unit B3 (744 

MW) in Thermal Power Plant ñNikola Tesla Bò.  

  

SOURCE CHARACTERISTICS AND EMISSIONS  

 

Scenario 1 

  

Installed output of the thermal power plants (net output) is 5171 MW or 61.9% of total installed 

capacities of PE Electric Power Industry of Serbia. [1] The Thermal Power Plant ñNikola Tesla Aò 

(TENT A) is the biggest in Serbia and in the Balkans, with six units totaling 1,690 MW of power. It is 

located in Obrenovac, a town of 70,000 inhabitans on the banks of Sava, about 30 km from Belgrade, 

and surrounded by Kolubara and Tamnava rivers. It is the biggest producer of electricity in the electric 

energy system of Serbia, with an average production of more than eight bilion kWh a year delivered to 

the consumers through a 400/220 KW transformer station. The Thermal Power Plant ñNikola Tesla Bò 

(TENT B) is located on the right bank of the Sava River, 50 kilometers west from Belgrade and 17 

kilometers upstream from TENT A complex. It has two largest power units in Serbia, with power of 

620 megawatts each. [2] Units and stacks parameters of those power plants are shown in Table 1. 

 

Table 1: Units and stacks parameters of TENT A and TENT B (Scenario 1) [4] 

Plant Unit 
Capacity 

(MW) 

Stack 

height 

(m) 

Stack inner 

diameter 

(m) 

Exit 

temp 

C) 

Exit 

velocity 

(m/s) 

SO2 

emission rate* 

(g/s) 

TENT 

A 

A1-A3 
725 150 10.4 175 24.20 

6328 

 A4 308.5 220 6.3 175 33.24 3148 

 A5 308.5 220 6.3 175 33.24 3148 

 A6 348.37 220 6.3 175 33.24 3148 

TENT B B1 620 280 8 180 37.00 1870 

 B2 620 280 8 180 37.00 1870 

* Emissions rates are measured by authorized organization. 

 

Scenario 2 

 

In order to bring sulphur oxide emission in compliance with the requirements of the local and EU 

regulations PE Electric Power Industry of Serbia has prepared projects for installation of flue gas 

desulphurization plants in TENT A (excepting units A1 and A2) and TENTB. The technological-

technical design for flue gas desulphurization, considered in the design, is based on the newest 

achievements in the area of wet FGD systems, which imply the use of limestone as a sorbent and 

generation of gypsum as a by-product. In accordance with the stipulations of the EU Directive 

2001/80/EC, the FGD plants have been designed so as to fulfill the requirements related to the 

emission limit values for sulphur dioxide, being 400 mg/Nm3, which requires a process efficiency of 

94%. [1] 

 

Wet FGD (WFGD) technology, using limestone as a reagent, a wet scrubbing process, is the FGD 

technology most frequently selected for sulphur dioxide reduction from coal-fired utility boilers. The 
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Wet FGD process is considered a commercially mature technology and is offered by a number of 

suppliers.  

 

The absorbers are situated after the TPPôs electrostatic precipitators (EPS). The raw flue gas, coming 

from the boiler and ESPôs, passes through the induce draft fans and booster fans before entering the 

absorbers for scrubbing. The scrubbed saturated gas is discharged to atmosphere through a new wet 

stacks. The WFGD System removes SO2
 
by scrubbing the flue gas with limestone slurry. Flue gas is 

treated in an absorber by passing the flue gas stream through a limestone slurry spray. In absorber 

design, the gas flows upward through the absorber countercurrent to the spray liquor (limestone slurry) 

flowing downward through the absorber.  

 

In a wet limestone scrubbing system, a complex series of kinetic and equilibrium controlled reactions 

occur in the gas, liquid and solid phases. These reactions may be expressed in this overall equation:  
1

23 2 2 2 4 2 22 2CaCO SO H O O CaSO H O CO (1) 

 

Characteristics of the flue gas after desulphurisation process are significantly changed compared to the 

state before treatment at this system. In addition to the required reduction of sulphur oxide content, the 

flue gas is saturated with moisture, contains a certain amount of droplets (depending on the efficiency 

of mist eliminators), has a much lower temperature, and the reduced amount of fly ash particles and 

slightly higher concentration of carbon dioxide. [4] 

 

Besides FGD systems, in order to as closely as possible evaluate a future impact of those power plants, 

in this study we consider emissions from future unit of TENT B (unit B3) as well.  

Units and stacks parameters for Scenario 2 are shown in Table 2. 

 

Table 2: Unit and stack parameters of TENT A and TENT B (Scenario 2) [4]  

Plant Unit 
Capacity 

(MW) 

Stack 

height 

(m) 

Stack inner 

diameter 

(m) 

Exit 

C) 

Exit 

velocity 

(m/s) 

SO2 

emission rate* 

(g/s) 

TENT 

A 

A1-A2 
420 150 10.4 68 12.00 

1816 

 A3-A4 613.5 140 12.4 68 14.45 175 

 A5-A6 656.87 140 12.4 68 14.45 175 

TENT B B1 620 230 10.5 68 17.42 157 

 B2 620 230 10.5 68 17.42 157 

 B3 744 210 9.5 68 18.05 144 

* Emissions rates are measured by authorized organization. 

 

DOMAIN AND MODELING APPROACH  

  

The AERMOD modeling system was used to model the air quality impact of power plant emission. 

AERMOD is a steady-state plume model which calculates atmospheric dispersion based on the 

planetary boundary layer turbulence structure and on some scaling concepts, and can account for both 

surface and elevated sources. Moreover, it can be used in either simple (flat) or complex terrain 

scenarios. In the stable boundary layer, the dispersion is assumed to be Gaussian in both the vertical 

and the horizontal directions. In the convective boundary layer, the horizontal distribution is assumed 

to be Gaussian whereas the vertical distribution is described by a bi-Gaussian probability density 

function. AERMOD uses surface and profile meteorological data obtained from a single 

meteorological station. Alternatively, the extended version of its meteorological preprocessor, 

AERMET VIEW, can estimate the wind profile from the surface data. AERMOD incorporates a new 

approach to account for airflow and dispersion in complex terrain. Namely, where appropriate, the 

plume is modeled as either impacting on or following smoothly the terrain. This approach is physically 

realistic and simple to implement, and avoids the need to distinguish among simple, intermediate and 

complex terrain, as currently required in regulatory guidelines. Hence, the new version of AERMOD 
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saves the need of defining complex terrain regimes, since the terrain in the study area is handled in a 

consistent and continuous manner. AERMODôs terrain preprocessor, AERMAP, uses gridded 

elevation data to calculate a representative terrain-influence height, also referred to as the terrain 

height scale. The terrain height scale, which is uniquely defined for each receptor location, is used to 

calculate the dividing streamline height. The gridded data needed by AERMAP is obtained from a 

Digital Elevation Model (DEM), and the elevation of each specified receptor is automatically assigned 

through AERMAP. Specifically, for each receptor, AERMAP passes the following information to 

AERMOD: the receptorôs location, its height above the sea level, and the receptor specific terrain 

height scale. [5] 

 

Procedure of modeling included the following procedures: 1. Preparation of facilities plan, including 

sources and facilities; 2. Defining the domain of model and the locations of the receptors; 3. 

Developing inventories of all observed sources; 4. Characterization of the types of sources; 5. 

Processing of required meteorological data; 7. The processing of the terrain data; 8. Modeling and 

analysis of results. Based on the input parameters of sources, emissions and meteorological data, 

modeling is obtained by the spatial distribution of ground level concentrations of selected pollutants.  

 

Modeling for the present study included model domain of 50 km x 50 km, with TENT A in its center, 

Fig. 2, or an area of 2500 km
2
. Cartesian coordinate system with the distance of 400m between 

adjacent points (receptors) is used, which means that the models processed 15876 points (receptors). 

To obtain necessary terrain data, we have used SRTM3 - Shuttle Radar Topography Mission data 

(resolution: ~ 90m, 3 arc-sec). 

 

 
Figure 1. Model domain and locations of power plants 

 

AERMET, a meteorological preprocessor, prepares hourly surface data and upper air data for use in 

AERMOD. The surface data are hourly observations of surface level parameters such as wind speed, 

temperature, and cloud cover that are used by AERMET to generate a surface file for use in 

AERMOD. The upper air data file provides information on the vertical structure of the atmosphere. 

This includes the height, pressure, dry bulb temperature, and relative humidity. Meteorological data 

that we used for the preparation of model include hourly values of: wind speed, wind direction, 

ambient temperature, relative humidity, atmospheric pressure, cloud cover-opaque. Since upper air 

data was not available, AERMET Upper Air Estimator is used. Meteorological data for the year 2010 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 116 

were obtained from the Serbian Environmental Protection Agency (SEPA). The closest meteorological 

station to the power plants are Obrenovac-Deponija pepela.  Fig. 2 demonstrates wind rose and 

frequency analysis, based on meteorological data from Obrenovac - Deponija pepela for 2010. 
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Figure 2. Wind rose and frequency analysis, based on meteorological data from Obrenovac - 

Deponija pepela for 2010 

 

As buildings could radically influence the dispersion of pollutants there is need for building downwash 

analysis. Fig. 3. shows 3D models of  TENT A and TENT B with all sources (red stacks) for Scenario 

1 and Scenario 2.  

 
TENT B (Scenario 1) 

 
TENT B (Scenario 2) 

 
TENT A (Scenario 1) 

 
TENT A (Scenario 2) 

Figure 3. 3D models of TENT A and TENT B with all sources (red stacks)  
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RESULTS AND DISCUSSION 

 

Considering that these models are not taken into account background pollution, presented average 

annual plots do not represent air quality (SO2 concentration) in the models domain area, but only the 

contribution of the power plants to overall air quality in Belgrade. It is very important to note that 

these models represent the worst case scenarios, consider that all pollutant sources emit maximum 

emission rate 24 hours a day, 365 days a year, which is certainly not the case.  

 

Since the annual mean concentration of SO2 in 2010 for Belgrade is 23 Õg m
-3
 [6], results for Scenario 

1 (Fig. 4.) show that TENT A and TENT B have high influence on SO2 concentration in the city. 

Depending on the part of the city, that contribution goes from 13.24 to 7.73 Õg m
-3
. West parts of 

Belgrade are more exposed to the SO2 emissions from power plants sources, and there, according 

presented plots could be observed the highest concentrations of SO2. Clear decreasing trend of SO2 

concentrations could be observed from western to eastern parts of the city. 

  
Figure 4. Annual mean concentration of SO2 in 2010 (Scenario 1) 

  

 According the data presented in Table 1. and Table 2., overall emissions for Scenario 2 

presented only 13.5% of total emissions from Scenario 1, although Scenario 2 includes additional unit 

B3. That high difference in emissions and difference in source characteristics is reflected on spatial 

distribution. Annual mean concentration of SO2 in 2010 for Scenario 2 is presented on Fig.5. 

Decreasing SO2 emission from TENT A and TENT B, as a result of installed FGD technology, brings 

almost 6 times less contribution of SO2 pollution in Belgrade. The similar way of distribution and 

decreasing trend of SO2 could be observed for Scenario 2 as well as for Scenario 1. In this case, again 

depending on the part of the city, contribution goes from 1.36 to 2.34 Õg m
-3
. Decreasing trend follows 

west - east direction. 

  
Figure 4. Annual mean concentration of SO2 in 2010 (Scenario 2) 
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CONCLUSION 

 

This study shows the evaluated impact of two major Serbian coal thermal power plants ñNikola Tesla 

Aò (TENT A) and ñNikola Tesla Bò (TENT B) on concentration of sulphur dioxide (SO2) in Belgrade. 

AERMOD modeling package is used to estimate the contribution of this influence. Through two 

scenarios, this study presented presence influence, and most possible future influence which take into 

account installation of FGD system and new unit B3 (744 MW). Estimated annual means 

concentrations of SO2 in 2010, shows that contributions of examined power plants, depending on the 

part of the city, are from 7.73 to 13.24 Õg m
-3
 for Scenario 1, and from 1.36 to 2.34 Õg m

-3
 for 

Scenario 2. Considering that annual mean concentration of SO2 in 2010 for city of Belgrade is 23 Õg 

m
-3
, it can be concluded that examined power plants have great influence on SO2 concentration in 

Belgrade, for present situation. Installation of FGD technology will not only bring compliance with the 

requirements of the local and EU regulations, but it will significantly contribute to better air quality in 

the city of Belgrade. 
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ABSTRACT 

 

Within the context of expansive technological development, the wealth of European society is growing steadily. 

This has resulted in the production of more and more waste. Every year people in the European Union throw 

away about 3 billion tons of waste. Therefore, the EU must pay due attention to this problem. This contribution 

was created within the Leonardo da Vinci international project Wastre for which the Faculty of Mechanical 

Engineering is a coordinator. The aim of the contribution is to present the current situation of waste legislation 

systems and waste management in the EU and the Slovak Republic. Waste recovery in the Slovak Republic is 

also discussed with examples of best practice in waste recovery given. 

 

Key words: waste, EU waste legislation, Slovak waste legislation, waste management, waste recovery. 

 

 

INTRODUCTION  

 

Europe is using more and more materials, and except for the short-term fluctuations due to economic 

recessions, this trend has continued for several decades. In general, the greater the use of resources, the 

higher the amount of emissions and the more waste is generated. Therefore, producers have to solve 

the problems connected with treating, disposing or recycling wastes from production process, either 

from waste generated during the production process or waste generated after the end of the product's 

useful life span. 

 

In the response to the need for education in the field of waste management and waste legislation, the 

project ñWastre: On-line Learning Modules for Waste Treatment, Waste Disposal and Waste 

Recyclingò was created. The consortium of the project consists of 8 partners from 5 countries: 

Multimedia SunShine as innovation donator, 3 leading Central-European technical universities (TU 

Vienna, CVUT Prague, STU Bratislava), and 3 organizations active in vocational training (Technical 

and vocational secondary school Tlmace, CHEWCON Humenne, Union of Chambers of Craftsmen 

and Tradesmen of ESKISEHIR) and the Recycling fund as a body organizing waste treatment and 

recycling in Slovakia). (O'Callaghan et al., 2011). 

 

WASTE LEGISLATION  

 

Eu Waste Legislation 

 

EU legislation has equal force with national law, and forms an integral part of each Member State's 

legal system. Every action taken by the EU is founded on treaties which have been approved by all EU 

member counties. 

 

Actual EU legislation is disseminated under 32 thematic areas corresponding to the activities of the 

EU. The themes, which also include environment, reflect comprehensive coverage of EU legislation. 

One of the most important aspects of environmental issues is waste management.  

 

EU waste legislation has a long history. Since the adoption of the first Directive on Waste, 

75/442/EEC in 1975, EU waste legislation has undergone significant expansion. At present, there is an 
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extensive body of legislation including the revised Waste Framework Directive, and a lot of other 

rules. The timeline of the EU waste legislation development is illustrated in  

Figure 9. 

 

 
 

Figure 9.  The EU waste legislation timeline  ( black label ï the law is valid,   

grey label ï the law was replaced by one of the laws in black) 

 

Current EU waste legislation is built as a three-stage system of legal acts (Figure 10). The top level 

represents framework legislation that sets out basic principles, fundamental definitions and overall 

strategic aims. The second level regulates waste treatment operations concerning waste incineration 

and landfilling. The final level contains a number of other directives regulating specific waste streams.  

 
Figure 10.  Three-stage system of EU waste legislation 

 

The EUôs Sixth Environment Action Programme (2002-2012) identiýed waste prevention and 

management as one of four top priorities. Its primary objective is to ensure that economic growth does 

not lead to more and more waste. This led to the development of a long-term strategy on waste. The 

2005 Thematic Strategy on Waste Prevention and Recycling resulted in the revision of the Waste 

Framework Directive, the cornerstone of EU waste policy. The revision brings a modernised approach 

to waste management, marking a shift away from thinking about waste as an unwanted burden to 

seeing it as a valued resource. The Directive introduces a ýve-step waste hierarchy where prevention is 

the best option. EU waste legislation aims to move waste management up the waste hierarchy (Figure 

11). (European Union, 2010) 
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The Waste Framework Directive, as well as some waste stream specific directives of the European 

Union, includes specific targets on recovery, recycling and re-use. An overview of the targets, the 

objectives and the respective years when the targets have to be achieved is provided in Figure 11. 

(European Comission, 2012). 
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Figure 11.  Waste management hierarchy 

 
Table 2:  Targets in EU waste legislation (European Comission, 2012) 

 

category year min. recovery min. recycling collection rate 

Packaging 2008 60 % 55 %  

Cars 2015 95 % 85 % 100 % 

Electronics 2006 70 % 50 % 
min 4 kg per inhabitant per 

year 

Batteries 

2011  
50 % to 70 % 

(efficiency) 
 

2012   25 % 

2016   45 % 

Tyres 2006 0 landfill of tyres 

Biowaste 

diverted from 

landfills  

2006 reduction to 75 % of the 1995 level 

2009 reduction to 50 % of the 1995 level 

2016 reduction to 35 % of the 1995 level 

Municipal waste 
2015 separate collection: at least paper/metal/plastic/glass 

2020 50 % recycling of municipal waste 

Construction & 

demolition waste 
2020 70 % recycling/material recovery (including reuse) 

 
Waste Legislation in the SR 

 

National legislation related to waste comes under the responsibility of several departments, of which 

the Ministry of Environment of the Slovak Republic (ME SR) is the most important department. The 

hierarchy of departments responsible for environmental law is illustrated in Figure 12. The Slovak 

Environmental Inspectorate is the Ministry's specialist organization for looking after the environment 

and the countryside in accordance with the principles of sustainable development. The Agency also 

provides expert advice. 

 

 
Figure 12.  System of waste management in the SR 
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The Slovak Republic is obliged to implement EU waste legislation and achieve the targets required by 

EU law. Effective achievement of these targets requires several supporting tools. One amongst many 

problems posed in waste management is the correct waste collection and sorting. For more clear and 

effective waste flow monitoring in collecting systems, a new integrated information system can be 

helpful. A proposed structure for an Integrated information system of waste management in the SR 

(displayed in Figure 13) would include a publicly accessible list of waste treatment equipment. 

 

 
Figure 13.  Integrated information system of waste management in the SR 

 

WASTE MANAGEMENT  

 

Waste Management in the EU 

 
The use of materials is intimately connected with economic growth. Average annual use of materials 

in the EU amounts to under 15 tons per person (Figure 14). While the bulk of this ends up as materials 

accumulated in the economy ï so-called additions to stock, such as buildings, infrastructure, 

accumulated goods ï a significant amount is converted into emissions or waste. On average, over 5 

tons of waste per person are generated each year in the EU (Eurostat data centre on waste, 2010). 

 

 
Figure 14.  Use of resources per person by country, 2000 and 2009 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 124 

Consumption of resources is also imbalanced. The average European citizen consumes about four 

times as many resources as one in Africa, and three times as many as one in Asia. The EU-27 use on 

average fewer resources per capita than many industrialized countries ï about half that of Australia, 

Canada or USA, but there are large differences between individual countries within the EU (Figure 

14). (EEA, 2012) 

 
Figure 15. Trend in generation of municipal waste in the EU, EFTA countries, Turkey  

and Western Balkan countries, 2003 and 2010 

 

The EU-27 Member States plus Croatia, Norway and Turkey in total generated some 2.6 billion tons 

of waste in 2008, or roughly 5.4 tons per person, of which around 3.7 % is hazardous (Eurostat data 

centre on waste, 2011; data reported according to the Waste Statistics Regulation). In general, 32 % of 

the waste generated in the EEA countries is from construction and demolition activities, 27 % from 

mining and quarrying, and the rest from manufacturing, households and other activities. Almost two 

thirds of the total is mineral waste, mainly from mining, quarrying, construction and demolition. 

The annual generation of municipal waste, mainly from households but including similar wastes from 

sources such as commerce, offices and public institutions in the EU-27 has reached 502 kg per person 

in 2010 (Figure 15). 

 

Waste Management in the Slovak Republic 

 

Balance of waste generation: When compared with 2009, the growth in waste introduced to the 

market has reached approx. 21 %. Furthermore, when compared with the 10.9 million tons of waste 

produced in 2005, its generation fell by 1.7 %.  

 
Figure 16.  The amounts of waste generated in Slovakia (in tons) 
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In 2010, waste originators submitted to waste handling authorities slightly lower volumes of hazardous 

and municipal waste for recovery and disposal than in 2009. However, other waste showed a major 

growth in its position in the market, which, compared to 2009, represents an increase in the category 

of other waste of approx. 26 %. (ME SR, 2010) 

 

Compared to 2009, the annual growth of waste in the market is about 21 %. There was a reduction in 

hazardous waste generation by 1.5 % compared to the previous yearError! Reference source not 

found.. (State of the Environment Report ï SR 2010) 

 

In 2011, the industry as a whole produced 5,445,970 tons of waste, of which 297,210 tons was 

hazardous waste and 5,148,761 tons were other wastes. However, the percentage of waste generated 

by industry by total volume of waste generated increased from 41.5 % in 2000 to 60.1 % in 2011. 

(Klinda et al., 2011) 
 

 
Figure 17.  The share of waste categories in total waste generation in 2011 (in percentages)  

(Klinda et al., 2011) 

 
WASTE RECOVERY IN THE SLOVAK REP UBLIC  

 

When the prevention of waste production is not very effective, then waste recovery is given priority in 

waste management. Because of better control of waste recovery, wastes can be divided into 3 main 

categories ï separated wastes, technical wastes and general wastes as illustrated in Figure 18. 

 

In Slovakia in 2011, 4,731,712.37 tons of waste (excluding municipal waste) was recovered, which 

represents around 52 % of total waste (excluding municipal waste). (Klinda et al., 2011) 

 

 
Figure 18.  Three main groups of wastes 

 
Examples of best practice in waste recovery carried out by the Institute of Manufacturing Systems, 

Environmental Technology and Quality Management of the Mechanical Engineering Faculty of the 

Slovak Technical University in Bratislava (hereinafter Institute): 

 

1. Waste plastics recovery 

A project for recycling polyethylene bottles for motor oils was developed. It dealt with the design of 

manufacturing plastic bottles in different combinations of primary granulate and re-granulate 

(obtained from recycled bottles and packaging material). The project embraces the philosophy of 

bottle collection, primary and secondary processing, economics, and the strength and pressure tests of 

the bottles manufactured under different conditions. 
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2. Waste paper recovery 

The Institute has undertaken a project of briquetting of banknotes from the National Bank of Slovakia 

(Figure 19). Banknotes were shredded and compacted into briquettes for subsequent use as a fuel 

source. 

 

 
 

Figure 19.  Compacted banknotes from Czechoslovakia 

 
3. Construction waste 

The Institute has solved the problem of construction waste recovery for the Czech company SETRA, 

Ltd. The project was aimed at developing the construction of a plant for dealing with wooden 

construction waste. A piece of mobile equipment which is placed on a truck trailer was designed. The 

system comprises a crushing system, a metal separator, a crushed material separator (by size) and a 

source of energy. The result is a mobile waste handling system in which wood waste wanders round 

and round until it achieves the required size (sawdust, dust and split,) and is cleaned of metallic 

particles. The separated sawdust is then used for briquetting. 

 

CONCLUSION 

 

Problems related with waste management are and will always be actual. It is necessary to monitor the 

situation continually, and proposes and adopt measures to ensure a sustainable development This 

contribution provides a short overview of the EU and Slovak waste legislation. Also some statistics of 

waste management are presented to show the current situation in this field. In this way the authors of 

the Wastre project also want to highlight the results of their project. 
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ABSTRACT 

 

Generated amount of infectious medical waste in health care institutions in the region Bijeljina is necessary to 

be reduced to anon-hazardous waste using the appropriate device for the destruction in the function of reducing 

the risks to human health and environmental quality.In this study was evaluated data on business costs and 

results of the test-survey on the amount and category of medical waste generated in health care facilities in the 

region Bijeljina and in the towns of Bijeljina, Ugljevik, Lopare, Brcko and Zvornik in order to define the frame 

work of financial requirements. The construction of facility for treatment of infectious medical waste in the 

General Hospital Bijeljina can under certain conditions, to achieve positive economic and financial results, keep 

national material resources, create the basis for new skills and jobs, and improve business and aesthetic 

conditions of life. 

 

Keywords: Medical waste, treatment of infectious medical waste, treatment facility, and financial analysis. 

 

 

INTRODUCTION  

 

Medical waste is generated as a consequence of human activities in health care institutions, research 

institutions and laboratories. The World Health Organization (WHO) has classified medical waste in 

clinical and non-clinical, and further partition toinert (non-hazardous) and hazardous waste. The total 

amount of medical waste generated in health care institutions of Bosnia and Herzegovina/Republic of 

Srpska (hospitals, health centers, dental clinics, departments of public health, clinics and institutes 

etc.) is about 32,500tonnes per annum and has a tendency to increase. 

 

The analysis includes the investment in the construction of plant for the treatment of infectious 

medical waste in order to improve the level of local and regional social development and improve the 

protection of the environment. Data on the quantity, composition and origin of medical waste was 

collected through the test survey, which was carried out on the territory of the Bijeljina region. 

 

Construction of the plant for treatment of infectious medical waste has no socio-economic impact, if 

was first implemented sorting and classification of medical waste, and then transported from the 

neighbouring towns in General Hospital Bijeljina, as well as the central place of the treatment. 

 

The refore, it is necessary comprehensiveness of the project on entire territory of Bijeljina region with 

the total amount of medical waste generated. 

 

RESEARCH METHODOL OGY 

 

The research is based on the collection of data through surveys in the territory of Bijeljina region, 

where is concentrated around 450,000 population and 42 health care institutions (taken into account 

the greater generating sources), which are arranged on the primary and secondary health care level. 
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Category, volume and quantity of medical waste generated varies depending on the type of health care 

facilities. The following types of hazardous waste is identified: pathological and infectious waste, 

sharps, pharmaceutical products, pressure vessels, chemical waste and inert(general) waste. Table 

1.summarizes the average total amount of medical waste per month, which is generated by a variety of 

medical facilities in the territory of Bijeljina region. 

 

Table 1: Overview the average amount of medical waste generated gathered by surveying on the 

territory of the Bijeljina region 

 

Type of health facility  

 

Estimated total 

amount of medical 

waste  

(t/ month) 

Health centers  56,9 

Dialysis centers    71,4 

Polyclinics 132,1 

Hospitals 155,1 

Ambulance   24,5 

Total 440,0 

 

According to the World Health Organization (WHO), we can assume that the total amount of medical 

waste generated by 440 tons per month, reduce it to80% inert (non-hazardous) waste and 20% of 

hazardous waste (pathological and infectious waste 15%, chemical and pharmaceutical waste 3%, 

blades 1% and special hazardous waste 1%), which in our study amounted to 352 tons of non-

hazardous and 88 tons of hazardous waste per month.Figure 1. 

 

Infectious medical waste US EPA considers the following medical waste: 

Å equipment for seeding and cultivation of  microorganisms, 

Å blood, blood derivatives and blood products, 

Å needles, syringes, pipettes, test tubes and Laboratory Glass, 

Å wastes from surgery and autopsy room, 

Å human tissue, organs, excreta and secretions that contain pathogenic micro-organisms, 

Å waste generated in hemodialysis and blood transfusions 

Å waste from the production of vaccines and sera, 

Å tissues and organs of laboratory animals used for experiments with pathogenic microorganisms[9]. 

 

The average structure of medical waste in a health care facility is given in Figure 1. 
 

 
 

Figure 1. The structure of medical waste based on WHO 
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From a technical point of view survey is related to the total amount of medical waste generated in 

health care facilities based on the analysis. 

 

Plant for treatment of infectious medical waste sterilized/disinfected process, using a combination of 

saturated vapour and microwave radiation for low-temperature waste treatment. The project should be 

conducted at the General Hospital Bijeljina, and for the entire region of Bijeljina. 

 

Relevant technical information on the system are: 

Å The plant should cover an urban area with around 450,000 inhabitants on which there are 42 

health   

  facilities. Capacity of the treatment plant is 80 tons of infectious medical waste. The plant will    

  occupy existing buildings in the General Hospital Bijeljina. 

Å Production facilities will be implemented as a public-private partnership (PPP) with a life span of 

20  

  years during which the private partner should apply the model DBFOOT, ie. design-build-

financing ï  

  Own -operate-transfer, which means that the private sector designs, develops, builds, finances the  

  project, manage the provision of services and benefits the public good, which is his property for 

20  

  years. Upon the expiration of the agreed period, the owner ship of the goods are transferred to the 

  

  public partner-General Hospital Bijeljina. 

Å Landfills are currently in use can not be used for disposal of infectious medical waste, and the   

  opportunities for expansion are very limited. Therefore, the alternative "do nothing'' and 

expansion of  

  existing landfill complex excluded. 

Å After a detailed contextual analysis and options, as the only feasible solution is identified, the  

  treatment plant of infectious medical waste sterilization and disinfection procedures, and has the  

  following operating data: 

-The combination of saturated steam and microwaves, which guarantees the safe treatment of all 

types of infectious waste. 

-Disinfection -temperature of 121Á C,1 bar over pressure. 

-Sterilization -temperature of 134Á C,2 bar over pressure. 

- Appropriate capacity volume of waste. 

-The absence of hazardous chemicals. 

-The optimal cycle time of destruction-20 minutes disinfection, 40 minutes sterilization. 

- The average electricity consumption of 1.5 kW, approximately 10liters of water per cycle. 

-Features automatic printing of reports on the status of destruction. 

-Manipulation of the waste is minimal and no special transport or disposal of hazardous   

 infectious waste. 

-Waste treatment after the volume has been reduced by 75%, unrecognizable and it is 

impossible to abuse. 

-Easy operation and absolute safety for personnel and the environment, after a day training. 

-Provided prompt service and the ability to replace the device. 

-It is applied in the EU and our inner environment. 

 

COST ANALYSIS 

 

Commercial expenses resulting in health care facilities in the treatment of infectious medical waste 

destruction device, can be divided in to investment (capital) and regular (current) costs. 

 

Investment(capital) costs include all annual expenses on the means by which the life of longer than 

one year, such as facilities, equipment, specialized vehicles for transportation, cart with wheels, 

buckets and containers for transfer of medical waste and the like and are covered by the private partner 

ships. In the table 2is given a rough estimate of capital costs by the unit price, quantity and duration., 
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which relate to the treatment of infectious medical waste in autoclave device. Differences in the 

estimation of capital costs are possible in the case of the flexible use of staff and the use of bags and 

boxes of blades to appropriate procedures when they occur lower costs. Increase in costs is possible in 

case the activity of the waste handling organizations in dependent of other service providers. 

 

A rough estimate of operating costs is based on data on current prices and additional market research. 
 

Table 2: Assessment of investment(capital) cost per year 

Item Cost per unit 

(US$) 

Quantity 

(piece) 

Life time 

(year) 

Cost 

(US$) 

Container-metal 5 m3 100,00 30 2 3.000,00 

Protective equipment 75,00 8  1 600,00 

Cartson wheels 50,00 20 2 1.000,00 

Autoclave ñSintionò 72.000,00 1 15 72.000,00 

Crusher ñShreder Tion 5.5ò 30.000,00 1 15 30.000,00 

Transport Box-50 l 20,00 300 2 6.000,00 

Yellow container for 

transport -240 l 
60,00 100 4 6.000,00 

Training of employees 140,00 10 sessions 2 1.400,00 

Proper waste collection 

vehicle 
15.000,00 2 7 30.000,00 

Total investment costs 150.000,00 

 

Regular (ongoing) costs related to supplies (bags and boxes), as well as the cost of water, energy and 

employee benefits, which is carried out due process of treatment of infectious medical waste. A rough 

estimate of current costs for collection, transportation and treatment of medical waste per month are 

shown in Table 3.based on the average number of cycles per day, estimates of the quantities of waste 

per cycle in the autoclave, and the number of workers. 

 

Table 3: Estimation of the total cost of  regular service on a monthly basis 

Item Cost per unit 

(US$) 

Quantity Cost 

(US$) 

Boxes for sharp items 3l 2,00 200 pieces 400,00 

Boxes for sharp items 1l 1,00 200 pieces 200,00 

Yellow plastic bags 250x400x0,04 0,20 1.000 pieces 200,00 

Special bags-thermostable 0,91 1.000 pieces 910,00 

Black plastic bags 500x900x0,04 0,40 5.000 pieces 2.000,00 

Cost of electricity consumption (on average) 0,17 15.000 kW 2.550,00 

Cost of water consumption (on average) 1,70 200 m
3
 340,00 

Transport costs 1,40 1.000 liters 1.400,00 

Salary of manager (gross) 1.500,00 1 person 1.500,00 

Salary of operator (gross) 800,00 2 persons 1.600,00 

Salary of support employees (gross) 500,00 4 persons 2.000,00 

Salary of driver (gross) 750,00 2 persons 1.500,00 

Cleaners and disinfectants 200,00 1 200,00 

 

Total regular cost 

 

14.800,00 
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Estimation of the total cost of regular treatment of infectious medical waste per year is 

U.S.$177,600,00. 

 

The total sum of investment (capital) cost of U.S.$150,000,00 and regular (on going) maintenance 

costs in the amount of U.S.$177.600,00 we get the total operating expenses in the amount of 

U.S.$327.600,00 plants for the treatment of infectious medical waste. 

 

Estimates are based on data on the prices applicable at the time of assessment and additional market 

research. 

 

DISCUSSION 

 

The organized destruction are implemented over the infectious medical waste (type of hazardous 

medical wastes), as here, involves treatment device for sterilization/disinfection and crushing and a 

good basis for the  

development and up grading of thermal treatment, thus: 

Å Hazardous medical waste turned into non-hazardous, which is deposited as house hold waste. 

Å Aligns with EU practice and regulations in the field of hazardous waste management. 

Å Reduce the total volume of medical waste and the potential for abuse. 

Å Prevent contamination of certain elements of the ecosystem. 

Å Achieve a higher level of safety for personnel. 

 

Absolutely is necessary implementation process of separation and identification of medical waste 

generated at the site (for hazardous and non-hazardous waste) in the appropriate container at the 

appropriate color-coded (bags, bins and containers) according to the recommendations of the World 

Health Organization, as an important element in the treatment of waste, due to following positive 

economic effects and reduction of environmental pollution: 

Å  Reduce the amount of non-hazardous medical waste going to landfill.  

Å  Reduced level of load on natural resources and reduce environmental pollution in accordance 

with    

   EU Directives relating to waste management. 

Å  Create basic requirements for job creation, which allows reducing poverty and increasing living  

   standards. 

 

Separation of the total amount of medical waste generated at the site is environmentally friendly 

solution would be used as a pre treatment, followed by a hazardous medical waste can be transported, 

treated appropriately and remaining harmless crush disposed of in landfill complex. Certainly, this 

proposal represents an interim solution, which fits well into the future final solution - the construction 

of incineration. 

 

Investment funds in the present, to the revenues and benefits over the years in the future, thereby 

reducing the high level of uncertainty and have the expected socio-economic performance of these 

investments. 

 

CONCLUSION 

 

On the basis of this study it can be concluded that there is a possibility of increase in medical waste 

generated in the region is Bijeljina, due to the lack of recycling activities. 

 

It is essential that the management of health care institutions make decision approaches to education of 

staff in order to increase the degree of separation and selection of medical waste at the source. 

Proportion of potentially hazardous medical waste, which represents 20% of the total amount of 

medical waste, can be further reduced by 1-5% with the application of due process of separation at 

source. 
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From the point of view of investment, funds are justified if the total social benefit and the benefit of 

higher investment. 

 

Since the general hospital is one of the biggest sources of medical waste generated in the region 

Bijeljina, it is necessary to employed staff made a serious effort to reduce the bulk and increase the 

degree of separation and segregation of medical waste. 

 

Based on the data presented in this work in this field in accordance with the capabilities and the needs 

of sustainable development of the municipality of Bijeljina, this work opens up new directions in 

research of medical waste management in the Republic of Srpska, based on the principles of 

sustainable development and the demands of European integration. 
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ABSTRACT 

 

Solid wastes generated in Nairobi and its environs are posing a serious environmental challenge to the 

authorities and residents, especially the hazardous and non-biodegradable solid wastes from leather industries. 

Concerns and complaints from workers and residents living adjacent to ñAtieno tanneries limitedò are due to 

environmental related diseases, degradation of civil structures, natural environment and bad smell sensed within 

a 1km radius; pointing to the effect of tannery pollution of the environment. This study assessed the effectiveness 

of tannery based solid wastes management along the tanning stages, within and outside the tannery. The study 

established how the solid wastes with pollutants impacted on the environment indicating contamination of the 

ecosystems. The management in Atieno was recognized as ineffective. 

 

Key words: tanning pollutants, dump sites, tanning processes, environment, crude dumping. 
 

 

INTRODUCTION  

 

In search of a covering material for himself, his hut and food, early man turned either to large leaves 

from plants or to the skins of the animals he killed. The skins were chosen for clothing as they were 

bigger, stronger and warmer. They putrefy if left in a damp condition. To stop all these, early man 

discovered tanning technology which converts hides and skins into leather which do not putrefy even 

after drying and wetting back. (Sharphouse, 1971).  The environment is under increasing pressure 

from solid and liquid wastes emanating from the leather industry (Bosnic et al., 2000). The solid 

wastes generated during leather processing are significant since leather industry makes uses of only 

(20-25) % of the raw material in the finished leather, (75-80)% end up as wastes in the environment 

(Page, 2005).  Since these wastes contain hazardous chemicals, they pose a risk to the environment 

because leather and leather products are non-biodegradable and contain toxic chemicals which become 

mobile after synergies in the environment thereby posing pollution threat to several ecosystems where 

they are discarded (Winter, 1979).  

 

Environmental issues of leather industry in Africa are water pollution due to dumping of waste in 

rivers, lakes, and air pollution from hydrogen sulfide, ammonia gas and bad odors from tanneries, land 

pollution and poor management of solid wastes (TDLIA, 2002). In Kenya there are 13 commercial 

tanneries operating currently at 70 % capacity (MoLD, 2010). Their daily production is 40 million 

tonnes.  In 2009, hides and skins were tanned into leather locally, which were: wet blue (46,151,080 

square feet), crust leather (754, 071 square feet), finished leather (nil) (MoLD, 2010). Atieno 

Tanneries limited produces 4 tons of hides and 4.5 tons of skins daily. It was averaged that Atieno 

tanneries limited produces 10 tons of solid wastes per day which were disposed into the environment 

(Atieno 2013). These solid wastes would pose a real challenge to the environment unless sustainable 

management of containing them was put in place.  

 

The present study was to assess the effectiveness of tannery based solid wastes management in Atieno 

tanneries limited in Njiru Nairobi County by establishing their management along the tanning stages 

and impact on the  environment within and outside Atieno tanneries limited. 
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MATERIALS AND METHODS  

 

This research used cross sectional survey for key informants. The key informants gave information on 

various management methods used in their sections and other relevant information. They were 

systematically interviewed with a schedule beginning with beam house, tan yard, crust and finishing 

yard supervisors respectively, effluent and dump site attendant and lastly the overall manager within 

the tannery. 

 

DATA  ANALYSIS  

 

A table was used to analyse data from the interview schedule by grouping the informationôs into 

different sub headings of the tanning stages like operation units, types of wastes generated, 

approximation of total quantity, and identification of the management/disposal methods specifically 

used. This was corroborated with photographs taken during study. 

 

RESULTS 

 

General assessment of how Atieno tanneries limited manages the solid wastes at each tanning stage. 

 

Atieno tanneries limited established around 1940 manufactures leather for local and international 

markets within Njiru area in Nairobi County.  The tannery uses 150 000 litres   of water, 3 000 kg of 

chemicals in beam house and tan yards, 25 kg of chemicals for retannage, dyeing and fatliquoring, 22 

Kg for pigmentation and 10 Kg for lacquering per day; to tan between (300-350) pcs (4 tons) of hides 

and 3 000 pcs (4.5 tons) of skins daily in the drums. Paddles could hold 1500 goatskins, 1200 

sheepskins and 70-80 hides.  The assessment further found out that the tannery had three tanning 

stages; beam house, tan yard, crust and finishing yard. The tanning stages had 27 operation units to 

produce finished leather, which vary from time to time depending on the type and level of leather to be 

produced. The operation units that generated solid wastes of various quantities, degree and nature were 

found to be 26. Setting/vacuum/toggling drying in crust and finishing yard was the only unit that did 

not generate solid waste. Tannery based solid wastes generated were found to be in three main forms: -

gross solid, semi/suspended solid (settleable & semi-colloidal), dust and condensed fumes/vapour 

wastes with their associates.  

 

A total of 10 240.5 kg of solid wastes was estimated to be produced from the tannery; 2 080.5 kg 

averaged were gross while semi/ suspended solids were averaged at 8 160 kg. Their associates were 

averaged at 62.5 kg, per day.  

 
SPECIFIC MANAGEMENTS OF TANNERY BASED SOLID WASTES FROM BEAM 

HOUSE STAGE INSIDE THE TANNERY AND THEIR IMPACT O N THE ENVIRONMENT  

 

Table 1 shows the operation units, how solid wastes were generated, total quantity and management. 

Acronyms used in table are: R.U - Re used, C.D - Crude dumping, C.D.D.B - Crude dumping dried 

and burnt, C.D.D.T.D - Crude dumping, drained/dried, and transported to Dandora dump site. S.F.R.U 

- sold for re-use. P.T(S).F.B.D. T.D.D - primary treatment (sedimentation), filter bed dried, 

transported to Dandora dump site. 
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Table 3: Leather production operation units within the beam house (solid wastes generated, 

approximate quantities per day and their management methods) 

Beam house operation units 
Tannery based  

solid wastes generated 

Approximate quantity 

generated per day (kg) 

Management/disposal 

methods 

Purchasing/selection  

Coarse salt 30 R.U/ C.D. 

dung/dirt/soil 0.5 C.D. 

keratin waste < C.D.D.B. 

double reject skins 5 pcs C.D.D.B. 

Green trimming trimmings 300 C.D.D.B. 

Soaking 

soaking sludge/soil/sand 2000 P.T(S).F.B.D. T.D.D 

spilt chemicals <1 C.D.D.B 

Keratin wastes 20 

Lime sludge lime sludge,( H2S)ŷ 2000 P.T(S).F.B.D. T.D.D 

Fleshing 

lime trimmings, 

lime fleshings, 

lime loss, 

(H2S)ŷ 

1000 C.D.D.B/ C.D.D.T.D 

Deliming 
Drum fleshing,(NH3) ŷ 4 C.D.D.B/ C.D.D.T.D 

spilt chemicals <1 C.D.D.B. 

Degreasing/Bating Fats/suspended proteins 1 C.D.D.B/ C.D.D.T.D 

Other associated wastes 

plastic sacks, light polythene 

bags/paper bags 

12 C.D.D.B/ C.D.D.T.D 

broken wood 10 R.U/ C.D.D.B. 

corroded metal 1 R.U/S.F.R.U 

plastic jerry cans 5 R.U/ C.D.D.B. 

worn out boots 2 pairs C.D. 

tying ropes <1 C.D.D.B 

plastic bottles 2 bottles C.D.D.B 

Effluent and Solid Wastes 

Pre-Treatment 

Sites operations 

Total Gross/suspended  

Solid wastes dumped. 

5387.5 kg R.U/S.F.R.U  / 

C.D.D.B/ 

P.T(S).F.B.D. T.D.D 

 
The solid and semi/suspended-solid wastes generated from this stage were managed, treated and 

disposed by physical methods majorly. Gross solid wastes were swept, picked and loaded into used 

plastic sacks and kept in the purchasing area (see Figure 1) they were later given back to hides and 

skins traders for re-use in their curing premises for the preservation of green hides and skins. 

 

 
 

Figure 20. Used salt on floor and those packed in Plastic sacks (photographed by Oruko) 

 

Contaminated salts were put in used sacks and dumped together with green trimmings, keratin, fats, 

lime fleshings, lime loss, dung, dirt, and sandy soil at the open dump site. During dry seasons the 

above wastes were packed on open handcart and dump at site to dry and later burnt as seen here 
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below. The burnt ash was left at the site. During rainy seasons they were packed and dumped as shown 

below together with empty used sacks, papers, erry cans as in Figure 2. 

 

 

Figure 21. From left, workers pushing cart Dumping of lime fleshings, drying and burning, fleshings 

stack in sacks and loading process at site for further dumping at Dandora (photographed by Oruko) 

 

The above crude dumping method of wastes may be attributed to be the first source of sodium 

chloride, sulphide and total phenols pollution of the environment within the tannery. Wet gross solid 

wastes packed released a lot of leachates as in the 2
nd

 part of Figure 3 which either percolated 

downward into the deep soil or seeped into water aquifers underground. Lateral movement over the 

surface entered open water bodies like river Nairobi, or flowed to nearby farms. 

 

 

Figure 22. From left, waste collecting vehicle, leachate from stacked wastes, borehole water tank, the 

site where drainage enters Nairobi river (photographed by Oruko) 

 

The above crude dumping may be attributed to be another source of sulphide, sodium chloride and 

total phenol pollution of the environments in and outside Atieno.  Semi solids in the pond were not 

treated chemically. The over flow in the last pond were released to the Nairobi city sewerage system. 

The residence time observed in the ponds was one day. No samples were taken for laboratory analysis. 

Using litmus paper it was observed that the released effluent pH range was 4.0-5.0, below the 

recommended limit of Nairobi city water and Sewerage Company (NCWSC) implying that the 

discharge did not have enough time to settle as required. The settled sludge in pond one and two were 

not pumped into filter beds for de-watering processes during the study period, instead healthy maize, 

eucalyptus, tomatoes, beans, Amaranthus species and other unidentified herbs were observed growing 

on the dried sludgeôs as  in the 1
st
  part of  figure 4, together with empty plastic bags, cups, papers and 

other wastes dumped inside them. One of them was also broken and required repair.  

 

 

Figure 4: From left, healthy maize growing on dried sludge in the filter beds together with waste 

sacks, papers, polythene (Photographed by Oruko,) 

 

In the first lime pond, next to the agitator was found a connection of an exhausting pipe as in Figure 5. 

The position of emptying the exhausting pipe was never made clear by the two key informants. The 

effluent attendant informed the researcher that the agitator worked for one hour in the morning and 

one hour in the evening when the work load reduced. Technically, it is supposed to run continuously 

to aerate the sludge and reduce anaerobic conditions development in the ponds that results in the 

formation of hydrogen sulphide gas. 
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Figure 5. From left, screening bar, oxidation ponds with agitator and exhausting pipe (photographed 

by Oruko) 

 
SPECIFIC MANAGEMENTS OF TANNERY BASED SOLID WASTES FROM TAN YARD 

STAGE INSIDE THE TANNERY AND THEIR ENVIRONMENTAL IMPACT  

 

Table 2 shows the operation units, how solid wastes were generated, total quantity and management in 

tan yard. Acronyms used in table are: R.U ï Re-used, C.D - Crude dumping, C.D.D.B/T.D.D - Crude 

dumping dried and burnt/transported to Dandora dump, C.D.D.T.D - Crude dumping, drained/dried, 

and transported to Dandora dump site. S.F.R.U- sold for re-use. P.T (P).F.B.D. T.D.D-primary 

treatment (Precipitation), filter bed dried .Transported to Dandora dump site.  

Table 4: Leather production operation units within the tan yard (solid wastes generated, approximate 

quantities per day and their management methods) 

Tan yard operation units Tannery based solid 

wastes generated 

Approximate quantity 

generated per day (kg) 

Management/dispo

sal methods 

Pickling 

 

pickling sludge 2000 P.T.(P). F.D.B. 

Drum fleshing 5 C.D.D.B/T.D.D. 

Tanning(chrome) 

 

 

tanning sludge 2000 P.T.(P).F.D.B. 

Drum fleshings 20 C.D.D.B/T.D.D 

wet blue trimmings 20 C.D.D.B/T.D.D 

Tanning(vegetable) Unused veg tannins 100 

P.T.(P).F.D.B. Basification 

Ageing sludge (Piling 

up) 50 

Selection/packaging Nil  350 pcs ï hides 

3000 pcs ï skins 

Export only 

Sammying + setting for 

local market 

Sammying for hides 

setting for hides 

12 

C.D.D.B/T.D.D 

Setting for local market 

 

Setting ñskinsò 25 

Splitting wet blue splits 300 C.D.D.B/T.D.D 

Shaving wet blue shavings 300 C.D.D.B/T.D.D 

Other wastes 

 

Plastic sacks 

polythene  bags 12 C.D.D.B/T.D.D 

Broken wood 5 C.D.D.B. 

 

 

 

 

corroded machine 

fallings 2 C.D. 

corroded walls fallings 2 C.D. 

plastic jerry cans 5 S.F.R.U/C.D.D.B 

waste papers 7.5 C.D.D.B 

Effluent and Solid Wastes 

Pre-Treatment Sites 

operations 

Total Gross/suspended 

solid wastes dumped 

4865.5 kg P.T.(P).F.D.B. 

C.D.D.B/T.D.D, 

C.D. S.F.R.U, 

 

The assessment found out that wastes from this stage were managed, treated and disposed of by both 

physical and chemical means. Gross Solid wastes like wet blue trimmings, shavings, wet drum 
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fleshings, wet blue splittingôs, corroded metals, roofs and walls fallings and their associates were 

packed in bags and dumped around the store and open dump site as in Figure 6. 

 

 
Figure 6. From left, Gross solid wastes from tan yard packed in sacks and dumped inside the tannery 

(photographed by Oruko) 
 

The above crude dumping of wastes may be attributed to be the first source of chrome, sodium 

chloride and total phenols pollution of the environment within the tannery. Semi solid from pickling, 

tanning and crust retannage operation units were directed to drainage channels fitted with rough 

screening bar to remove large suspended solids like drum fleshings, other proteins and floating solids. 

Some bars had been eroded and were allowing some suspended solids to pass. The sludge then drained 

into the first chrome sludge receiving pond. Some gross solid wastes (wet blue trimmings, shavings,) 

from this stage were kept inside the used sacks up to a maximum of 14 days at dump site; when they 

were later collected by the contracted waste collector for further dumping at Dandora. During wet 

seasons these dumped wastes released leachates as in the 3
rd
 part of Figure 7 which percolated and 

seeped into the soil around the dump site and some drained or were washed by run-off into the Nairobi 

river. They scorched the grass, caused chlorosis (see figure 7) and, corrosion effect on the wall of store 

near dump site. Most of the Wet blue or vegetable splittingôs and trimmings solid wastes were 

wrapped up with a rope and dumped around the stores along with shavings. They remained there 

throughout the study period. 
 

 
 

Figure 7.  From left, Dumped wet blue/vegetable tanned leather, chrome shavings, draining leachate 

and scorching effect due to dumping as observed at dump site in Atieno (photographed by Oruko) 

 

These may be explained as extended sources of chrome, total phenol, sulphide and sodium chloride 

pollution of the environment. Semi solid chrome sludge was neutralized and precipitated with 100 kg 

of lime per 6000 or 5000 l of slurry released from drum or paddle into the first pond. The presumed 

purified liquid was allowed to flow into the Nairobi city sewerage system. Hydraulic retention time for 

sludge aeration was less than an hour while the mean cell-residence time was one day only, below the 

conventional 24 hours and 20 days for retention time and sludge age respectively according to ( Buljan 

et al. 2011). There was no equalization pond. The drying beds had dried chrome oxides (cakes) which 

were over grown with unidentified herbs, young species of Eucalyptus trees and Amarantha as in the 

4
th
&5

th
 parts of Figure 8. The cakes had been there for the last 8 years according to one of the key 

informant. 
 

 

Figure 8 From left; chrome sludge ETP systems, dried chrome sludge with higher plants growing in 

Atieno. (Photographed by Oruko) 
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SPECIFIC MANAGEMENTS OF TANNERY BASED SOLID WASTES FRO M CRUST AND 

FINISHING STAGE INSIDE THE TANNERY AND THEIR IMPACT ON ENVIRONMENT  

 

Table 3 shows the operation units, how solid wastes were generated, total quantity and management in 

crust and finishing yard. 

  

Acronyms used in table are: R.U - Re used, C.D.D.B - Crude dumping dried and burn. C.D.D.T.D - 

Crude dumping, drained/dried, and transported to Dandora dump site. S.F.R.U - sold for re-use. P.T 

(F).F.B.D. T.D.D - primary treatment (Precipitation), filter bed dried. Transported to Dandora dump 

site. K.I.T ï kept in tannery. 

 

Table 5: Leather production operation units within the crust and finishing yard (solid wastes 

generated, approximate quantities per day and their management methods) 
 

Crust and finishing 

operation units 

Tannery based 

solid wastes generated 

Approximate 

quantity 

generated per 

day (kg) 

Management/disposal 

methods 

Setting/washing Retan sludge 10 P.T.(P).F.B.D. 

Conditioning/washing Retan sludge 

Chrome retan/syntans syntan sludge 

Drum dyeing/fat 

liquoring/fixation 

unused dye 

fatliqour sludge 0.5 P.T.(P).F.B.D. 

Setting/vacuum/toggling 

drying 

gaseous vapourŷ nil Nil  

Staking staking dust 0.5 C.D.D.B. 

Trimmings crust trimmings 100 C.D.D.B/T.D.D 

Buffing 

 

buffing dust 10 C.D.D.B/T.D.D 

used sand paper 1.5 C.D.D.B. 

De-dust buffing dust 10 C.D.D.B. 

1st pigmentation 

condensed pigments 

fumes 0.5 C.D.D.B. 

Plating plating dust 0.1gm C.D.D.B. 

2
nd

 pigmentation 

condensed pigments 

fumes 0.5 C.D.D.B. 

Lacquering 

Condensed fumes of 

lacquer 0.05 C.D.D.B. 

 lindal leather 1.5 C.D./K.I.T. 

CRUST AND FINISHED 

LEATHER 

NIL  30 Pcs SOLD IN LOCAL 

MARKET 

Other wastes 

 

Used plastic 

jerry cans 

polythene bags 

1 C.D.D.B. 

Effluent and Solid Wastes 

Pre-Treatment Site  

operations 

Total Gross 

suspended 

condensed solid wastes 

133.5 kg P.T.(P).F.B.D. 

C.D.D.B. C.D./K.I.T. 

C.D.D.B/T.D.D. 
 

 

The assessment established that dusts swept from staking, buffing and de-dusting machines spillage 

inside the tannery were collected manually by used plastic sacks while mechanical collection was done 

by cyclone pipe. They were dumped at the composite site and left to mix with other wastes as those 

from the pipe were directed to holding chamber. Buffing dusts from the holding chamber were later 

removed and put into used plastic sacks as seen in Figure 9. They were either dumped on site or 

transported to Dandora. During study period it was observed that some dust spilt on the ground near 
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the chamber. This happened during the transfer process, when the dust was being removed from the 

holding chamber as in the 3
rd
 part of Figure 9. 

  

 
 

Figure 9. From left is dumped buffing dust in sacks, the holding the chamber and spillage near the 

chamber on the ground (Photographed by Oruko) 
 

The above may be suggested as the extended sources of total phenols, chrome and sodium chloride 

pollution of the environment in and outside Atieno. The inefficiency reported and observed here may 

be attributed to lack of strict supervision during transfer process.  Semi/suspended solids from this 

section were small and were handled in the tan yard because the drum for this operation was located 

there. Gaseous fumes were released through the wall furnace and wide open wire mesh door. There 

were no roof chimneys to release the gases upwards. This was a concern among the workers.  

 

COLLECTION AND TRANSPORTATION OF TANNERY BASED SOLID WASTES FROM 

ATIENO TO DANDORA DUMP SITE AND IMPACT ON THE ENVIRONMENT  

 

Solid wastes from Atieno tanneries limited were loaded manually by casual workers into the vehicle 

and transported to Dandora dump site by a licence waste collector called Julia G. Mrutere and sons 

Investment Company. The site is not a sanitary landfill, therefore dumping of hazardous waste like 

chrome wastes is illegal according to the Deputy Director of Environment Nairobi City Council. Toxic 

and hazardous wastes were supposed to be treated and disposed at Athi River plant, but the key 

informants interviewed were not aware. It was observed that the loaders and the vehicle spilt/dropped 

some wastes to the ground/along the road which remained scattered around the dump site/on spot as in 

figure 10. The lime fleshings developed anaerobic condition while stack in the used plastic sacks. 

When this was exposed during loading process, it increased the poor stench emanating from the 

tannery to the environment both inside and outside. 

 

 
 

Figure 10. Chrome droppings along the road from Atieno tanneries limited and the loading site after 

inside the tannery (photographed by Oruko) 

 

DISCUSSION 

 

Efficient tanning process requires removal of wastes. Tannery processes generated more sludge than 

gross solids in beam house and tan yard with less in crust and finishing yards.  Wastes from beam 

house remain a real challenge to the tanner in developing country where recycling of tannery wastes 

has not gained support. Kolomaznik, (2008) and ( Amit et al., 2006) agree that the production of 

sludge is increasing day by day as a result of waste water treatment. Lack of quantification, 

documentation and record keeping information on solid wastes production by the tannery was 

established as a challenge and neglected area by the tanner. Azeez (1997) states óestimates are not 

available for the solid wastes generated like salt, hair, fleshing, trimmings of untanned leather, buffing, 

shavings. Tanning process for export Leathers, ended at the basification stage as ñwet bluesò in the tan 

yard. Local market products were the ones that went beyond the basification stage and ended up as 

crust/ finished leathers. Mainuddin (2003) states ñbecause of the acknowledged hazards of leather 
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production, the processes are being discontinued in most European countries and the U.S.A and 

operations are moving overseasò. The operations which generates bulky and hazardous wastes were 

handled in developing country like Kenya, while the light operations which generated low quantity of 

wastes were completed in developed countries.  

 

Since leather containing chrome salt is non-biodegradable in the environment wet blue splits, 

trimmings, shavings and dried chrome cake may need appropriate technology to dispose them, as 

chrome sludge disposal was found to be a challenge. Solid wastes from crust and finishing stage 

produced less sludge but generated volatile organic compounds and light solid wastes (dust) together 

with condensed fumes and vapors. They could easily be disposed by combustion in a well-controlled 

incinerator chamber and their ash dumped in a controlled sanitary landfill. Atieno had a kiln which 

was ineffective in burning solid wastes. Modern equipment and facilities suggested by (Buljan et al., 

2011), (Durat et al., 2011) and found lacking in the Effluent Treatment Plant (ETP) like-non aerated 

grit and floating matter removal chamber, among others, implied that wastes like fats, waxes, mineral 

oils, floating non-fatty material (grease) entered and left the first pond untreated. Modern dewatering 

mechanical equipment like sludge thickener, filter press, were not fitted into the system. The sludge 

drying beds had higher plants growing in them signifying non-frequent use. No chemical treatment 

was done to the lime ponds. This means that residual amount of sulphides leaving the settling tanks 

may have been high. Atieno had a valid discharge certificate to release its effluents at this stage into 

Nairobi city sewer system. 

 

Gross solid wastes could have been held in a Transfer station/depot with a well-constructed shade, 

larger receptacles for holding larger volumes of wastes before they were collected by a vehicle to 

Dandora dump site but they were observed missing, instead indiscriminate crude dumping on open 

spaces within Atieno was evident. Leachates from the crude dumped solid wastes should have been re-

directed back to the ponds instead of draining into the Nairobi river and other ecosystems. Buljan et 

al., (2011) argues that  effluent treatment process has high investment cost and its management 

requires skilled, trained and experienced personal to manage; unfortunately in Atieno no trained 

personnel were engaged here. Facilities and equipment installed as observed during study met some 

basic requirements but they were not positively used and some had limitations like Filter sludge drying 

beds. Buljan et al., (2011) states ñthe output during rainy seasonôs drops considerably and there was 

the problem of malodour. One of the key informant reported delay in removing the sludge during rainy 

season. Associated wastes like used plastic sacks, papers bag, corroded wall fallings, corroded metal 

fallings, used jerry cans were observed to contain some residual chemicals which found their ways 

into the environment and caused pollution too. 

 

Plants ecological succession observed in the chrome and lime sludge drying filter beds were unique 

and made an interesting finding that an ecologist would have wish to study especially the ñseresò 

(plant colonization pattern of an acidic and alkaline environment) in a tannery dump site in Kenya. 

 

CONCLUSION AND RECOMMENDATIONS  

 

The conclusion of the study is that the management was ineffective because many solid wastes 

containing selected pollutants were crudely dumped, dried and burnt in Atieno. Create Environment, 

health and safety department in the tannery to address the short coming observed above. 
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ABSTRACT 

 

The non-standard waste materials based on iron and zinc, consisting of very fine particles, was melted in DC 

plasma furnace at high temperatures and with the violently mixing. Due to the large number of components, 

variable parameters and fast kinetics of the process, it is hard to follow the progress of the process. Modelling 

by using the HSC software in combination with real measurement of off-gas composition indicates the progress 

of the process and consequently provides the opportunity to optimize chemistry and to ensure the flexibility of the 

process. In addition, based on these measurements, it is possible to model the alignment for treatment of exhaust 

gases and prevent their harmful impact on the environment in a cost-effective manner. 

 

Key words: DC plasma furnace, smelting, modelling, EAF dust, off-gas. 

 

 

INTRODUCTION  

 
In steelmaking industry, electric arc furnace (EAF) dust is well-known hazardous waste with a high 

concentration of heavy metals. In steelmaking process, dust forming is about 1-2 % by weight of the 

furnace charge. Due to content of leachable heavy metals such as Zn, Pb, Cd, and Cr, EAF dust is 

considered to be a hazardous waste (Stegeman et al., 2000). There are many EAF dust treatment 

methods (Zunkel 1997) that focused either its stabilization by glassiýcation or cementation (Gress and 

Sarko 1993, Ek and Schlobohm 1993, Hilton 1998) or on recovering valuable metals by 

pyrometallurgical or hydrometallurgical processes (Hepworth et al. 1993, Hagni and Hagni 1994, 

Sumio et al., 1998, Xia and Pickles 1998, 1999, 2000, Colbert and Irons 1999, Pereira et al., 2001, 

Hayaishi et al., 2001). Despite all these methods, treatment of EAF dust is cost inefficient process, 

thus its disposal must be paid.  

 

DC plasma arc furnace technology has been successfully used in many metallurgical applications such 

as: melting of iron units (DRI or scrap), smelting reduction of chrome fines for FeCr production, 

smelting reduction of ilmenite for titania slag production, smelting reduction of EAF dust for recovery 

of Cr, Ni, Mo and Zn and metal recovery from other metal-containing wastes (MacRae 1989, 

Mihovsky 2010).  

 

For processing of EAF dusts, zinc and lead oxides must be reduced with the proper amount of carbon, 

at high temperatures (above 1500 
O
C). The dust is made into briquettes or pellets in order to obtain a 

material that can be easily handled and loaded into the furnace, and one that does not greatly increase 

energy consumption in the furnace during the reduction process (Ugarte et al., 1999, Issa et al., 2013). 

Issa et al. (2013) proposed the mathematical model for preparation of EAF dust based on empirical 

equation, determining the reducibility of the mixture. In this paper, mixture of EAF dust with coke, 

lime and cement, in the form of pellets, was melted into DC plasma arc furnace. Off-gas composition 
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was measured and simulations whit HSC Chemistry software were done in order to detreminete 

optimal process conditions. 

 

MATERIALS AND METHOD S 

 
In order to optimize the melting process of the EAF dust in the DC plasma arc furnace, the preparing 

process is essential. EAF dust was generated in the melting process of the steel scrap, in the plant 

ñSirmium Steel d.o.o.ò, Sremska Mitrovica. EAF dust was mixed with 10 wt. % of coke, 1 wt. % of 

lime and 3 wt. % of cement. The mixture was pelletized and dried on the air. The final chemical 

composition of the pellets is shown in Table 1. 

 
Table 1: Chemical analyses of the pellets, weight % 

 

Fe2O3 FeO Fe ZnO PbO 

17.75 3.96 0.00 37.06 1.75 

S Cu Cr C Cl 

0.89 0.28 0.29 9.01 2.60 

SiO2 Al 2O3 MgO CaO MnO 

8.53 1.48 6.17 8.40 1.84 

 
Treatment of EAF-dust was done in 100 kW pilot plant DC-plasma arc furnace with the capacity of 

150 kg of charge (Figure 1).  

 

 
 

Figure 1. Scheme of DC arc furnace 

 
Refractory of the furnace enclosure was made of magnesia based bricks and sinter magnesite, while 

cover was built of concrete based on alumina. This combination of refractories enables the furnace to 

work up to 1800 
O
C for hours without cooling. Furnace has a central graphite electrode, inlet for batch 

loading and outlet for gases. The length of arc is controlled automatically by computer software in 

command table, maintaining a specified power of the process. 

 

Immediately after leaving the furnace, the gas reaches a temperature of up to 600 
O
C. Consequently, 

gas is cooled at the gas cooling system and then filtered in bag filter system to collect the ZnO (Figure 

2). After leaving the bag filter system, gas is filtered again in conventional filter for preventing the 

harmful pollutant emission. The gas composition was measured with ñTesto 340 Flue gas analyzerò, 

immediate after gas was leaving the bag filter system. The following substances were measured: O2, 
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CO, NO, SO2 and H2. Simulation of output gas composition based on input elements in pellets (Table 

1) was done in HSC software. 

  
      (a)       (b) 

 

Figure 2. Scheme of (a) the gas cooling system, and (b) bag filter  

 

RESULTS AND DISCUSSION 

 

The emission of CO, NOx and SO2 were measured over three periods of the smelting process: 1. 

charging the batch at low temperatures in the furnace, 2. melting the batch with increasing the furnace 

temperature, and 3. charging the batch at high temperatures in furnace. Results are shown on Figure 3. 

 

 
Figure 3. Emission of CO, NOx and SO2 in three periods of the smelting process 

 
At the first period, on the beginning of the smelting process, temperatures are relatively low (under 

600
 O

C). Consequently, carbon-monoxide was not produced, as it is confirmed in HSC simulation 

which can be seen on Figure 4. Also, in this period of the process higher share of NOx and SO2 was 

recorded. Sulphur from the charge was realized and reacted with oxygen, but soon it is exhausted due 

to its low content in the pellets (Table 1), as it is obviously in the period two on Figure 3. In the period 

two temperatures are increasing and carbon-monoxide was realized, so its content will increase with 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 146 

time. Reduction atmosphere in the furnace does not allow formation of NOx. At period three, high 

temperatures are achieved and new amount of charge was inserted into the furnace. The sulphur 

content is much lower than in first period and it decrease with the time until it is excluded from the 

pellets. Due to rapid carbon reaction with metal oxides, content of CO-gas was high and then it was 

decreasing over time of this period, because carbon content in the pellets was reduced. At the end of 

this period pellets are melted and liquid metal and slag are formed. 

 

By simulation on HSC Chemistry software it is possible to determinate the optimal chemical 

composition of pellets, for EAF dust smelting in term of minimum energy consumption and better 

reduction of metal oxides (primary Fe and Zn). As input of simulation, data from table 1 were used. 

The variables for simulation are coke, lime and cement content. Results are shown by graphs on 

Figure 4. 
 

 
(a) 5% C 

 
(b) 9% C 

 
(c)  14% C 

Figure 4. Simulation with HSC Chemistry software - pellets with different amounts of carbon  
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On Figure 4 - diagram (a), carbon content was reduced to 5% and proportion of other elements has 

slightly increased. Diagram (b), on Figure 4, corresponds to the composition in Table 1, and diagram 

(c) corresponds to the increase of carbon content up to 14% and proportion of other elements has 

slightly decreased. 

 

With increasing content of carbon in pellets, share of CO(g) in the furnace will increase and 

transformation Zn(g) to ZnO particles will move to the left, i.e. to the lower temperatures (Figure 4). 

Iron oxides will reduce to liquid iron with 5% of C content, while with 9% of C, iron oxides will 

reduce but not completely. At 14% of C content, all iron oxides will reduce to liquid iron as it is 

shown on diagram (c) in Figure 4. Based on these simulations, rising of the carbon content in pellets 

up to the 14% should have a positive impact on the performance of the smelting process.  

 
CONCLUSIONS 

 
Based on real time off-gas composition measurement, monitoring of the smelting process in the 

furnace is possible. Also, based on these results, with delicate adjustment the optimized charging 

system can be established which will reduce overall energy consumption. Correlation between furnace 

atmosphere and exhaust gases can be found, so control of the furnace atmosphere is possible. This will 

improve the chemical processes, primarily the reduction of metal oxides. In addition, the present 

results can be used for the design of exhaust gas treatment plant.  

 

On the other hand, HSC simulation of pellets composition has been shown as good tool for 

optimization of smelting process, in terms of adjusting the composition of raw materials. 

 

Further research should be focused on founding relationship between different composition of pellets 

and off-gas composition on various charging times, as well as with HSC simulations of pellets 

composition. 
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ABSTRACT  

 

The paper presents water-quality assessment of Danube and Tisza water quality using multivariate statistical 

methods. Factor analysis/principal component analysis and cluster analysis, were applied for the evaluation of 

variations of a water quality data set obtained during 2011 year of monitoring of 14 parameters at 14 different 

sites. Using factor analysis/principal component analysis, three factors were obtained with Eigenvalues >1 

summing more than 84 % of the total variance in the water data sets, which is adequate to give good prior 

information regarding data structure. Cluster analysis performed to detect similarity group between the 

sampling points. 

 

Key words: water quality, multivariate statistical methods, factor analysis, cluster analysis. 

 

 
INTRODUCTION  

 
It is well known that environmental data are usually characterized by high variability, because of a 

variety of natural and anthropogenic influences. The best approach to avoid misinterpretation of 

environmental monitoring data is the application of multivariate statistical (chemometric) methods for 

environmental data classification and modeling (Vujoviĺ et al., 2012). The application of different 

multivariate statistical techniques such as Cluster Analysis (CA), Discriminate Analyssis (DA) and 

Principal Component Analysis (PCA) helps in the interpretation of complex data matrices to better 

undarstand the water quality (Gupta et al., 2009). Multivariate statistical methods including factor 

analysis have been used successfully in hydrochemistry for many years. Surface water, groundwater 

quality assessment and environmental research employing multi-component techniques are well 

described in the literature. Factor analysis attempts to explain the correlations between the 

observations in terms of the underlying factors, which are not directly observable (Singovszka and 

Balintova, 2012). The basic objective of cluster analysis is to discover natural grouping of objects. The 

cluster analysis techniques have been used in many areas such as manufacturing, medicine, nuclear 

science, radar scanning and research and development planning (Prakash and Dagaonkar, 2011). The 

paper presents water-quality assessment of Danube and Tisza Rivers using multivariate statistical 

methods: factor analysis (FA)/principal component analysis (PCA) and cluster analysis (CA). 

 

STUDY AREA  

 

The total length of the Danube River is approximately 2,800 kilometers and its length in the territory 

of Serbia is 588 km, or approximately 20% of its total length. The Danube River basin covers 87% of 

the country's territory. It also represents the most developed and densely populated part of Serbia and 

comprises the Tisza River sub basin, the Sava River sub-basin, and the Velika Morava sub-basin 

(Milenkovic et al., 2005). The Tisza River Basin, with its total extent of 157,186 kmĮ, is the largest 

sub-basin in the Danube River Basin.  

 

The data sets of water quality, provided by the RHSS (Republic Hydrometeorological Service of 

Serbia) from 14 monitoring sites consisted of 14 water-quality parameters monitored during 2011 year 

in a quality monitoring network of Danube and Tisa Rivers. Republic Hydrometeorological Service of 
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Serbia is testing systematic water quality in several monitoring stations. Water sampling localities are 

shown in Figure 1. 

 

 

Figure 23. Water sampling localities 

(1. Bezdan; 2. Apatin; 3. Bogojevo; 4. Baļka Palanka; 5. Novi Sad; 6. Slankamen; 7. Ļenta; 8. Panļevo; 9. 

Banatska Palanka; 10. Martonoġ; 11. Padej; 12. Novi Beļej; 13. Ģabalj; 14. Titel) 

 

FACTOR ANALYSIS (FA) /PRINCIPAL COMPONENT ANALYSIS (PCA)  

 

Factor analysis (FA)/Principal component analysis  (PCA) were used the correlation matrix of 

observation (X) to estimate a sorted matrix of eigenvalues (ɚ) and corresponding eigenvectors (factor 

loading V). The characteristic equation is [X-ɚI] V=0, where each eigenvalue ɚ is associated with an 

eigenvector V. The factors with eigenvalues equal to or greater than one are retained using Kaiser 

criterion. Varimax rotation was used to yield a simpler factor structure (Al -Rawi, S., M. and Shihab). 

 
CLUSTER ANALYSIS  

 
Hierarchical agglomerative clustering is the most common approach, which provides intuitive 

similarity relationships between any one sample and the entire data set, and is typically illustrated by a 

dendrogram. The dendrogram presents a picture of the groups and their proximity to one another, with 

a reduction in the dimensionality of the original data. Cluster analysis starts with a data matrix, where 

objects are rows, and observations are columns. The table constructed there of gives a measure of 

similarities or differences between the observations. Distances are normally used to measure the 

similarity or dissimilarity between two data objects (Varol and Sen, 2009., Prakash, M.M., 

Dagaonkar). Commonly, distance functions, such as the Manhattan and Euclidian distance functions, 

are used to determine similarity. The similarities-dissimilarities are quantified through Euclidean 

distance measurements, the distance between two objects, i and j, is given as: 

 

    (1) 

 

where donates the Euclidean distance, and z are the values of variable k for object i and j, 

respectively, and m is the number of variables. 

 

The aim of the CA was detecting similarities and dissimilarities among the sampling sites and 

explaining the observed clustering in terms of affected conditions. 

 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 151 

RESULTS AND DISCUSSION  

 

All mathematical and statistical computations were carried out using Microsoft Office Excel 2007 and 

software package Statistica (version 10) for Windows.  

 

Factor analysis is applied to physico-chemical parameters of natural water bodies with the aim 

classification and data summation as well as segmentation of heterogeneous data sets into smaller 

homogeneous subsets (Vujoviĺ et al., 2013). Factor loadings were categorized as strong and moderate 

corresponding to the absolute loading values of >0.75, 0.75-0.50, respectively (Liu et al., 2003). 

 

The selected parameters for the estimation of surface water quality characteristics were: 

- temperature (T)  

- suspended solids (SS)  

- dissolved oxygen (DO)  

- total hardness (TH)  

- pH  

- electrical conductivity (EC)  

- ammonium nitrogen (NH4-N)  

- nitrate nitrogen (NO3-N)  

- orthophophates (PO4-P) 

- total phosphorous (TP)  

- calcium (Ca
2+

)  

- magnesium (Mg
2+

)  

- biochemical oxygen demand (BOD5)  

- surface-active substances (SAS)  

 

From these data, three factors, explaining 84 % of the total variance, was estimated on the basis of a 

Kaiser criterion of the eigenvalues greater or equal 1 and from a Cattel scree plot (Figure 2). 
 

The application of  FA/PCA analysis has led to identification of three latent factors responsible for the 

data structure. The factor analysis generated three significant factors which explain about 84% of the 

variation in the data set (Table 1). Each factor that is significantly related to specific variables 

represents a different dimension of water quality.  
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Table 1: Results of factor analysis/principal  

component analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         Figure 2. Scree plot 

                                                                                      

Cluster analysis was performed according to factor F1 that accounting for about 47% of the total 

variance which is correlated with: suspended solids SS; TH; EC; NO3-N; TP; Mg
2+

; BOD5.  

 

CA grouped 14 monitoring stations into two clusters of similar surface water quality characteristics. 

CA was performed on the standardized dataset (mean of observations over the whole period) using the 

Wardôs method with Euclidean distances as a measure of similarity and the single linkage cluster 

method were used to obtain dendrogram. Cluster analysis performed to detect similarity group 

between the sampling points. At the end of the clustering analysis, there were considered two clusters 

that can be seen on the dendogram in Figure 3.  
 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 
Figure 3. Cluster analysis dendrogram of the monitoring stations in relation to the first factor F1 

Under the EU Water Framework Directive (2000/60/EC) the Internationational Commission for the 

Protection of the Danube River (ICPDR) is the platform for coordination amongst the Danube 

Variable Factor Loadings (Varimax raw) 

Extraction: Principal components 

(Marked loadings are >.700000) 

F1 F2 F3 

T           0.178444 -0.783452 -0.033570 

SS    -0.893240 -0.055120 0.017465 

DO 0.633462 0.716273 0.113039 

TH 0.853742 0.442813 0.160692 

pH 0.524868 0.771396 -0.097859 

EC -0.894248 -0.087347 0.272784 

NH4-N  -0.289276 -0.809000 0.052125 

PO4-P  0.190532 0.475637 0.611846 

NO3-N  0.912950 0.351281 -0.099223 

TP -0.941284 0.031246 0.116898 

 Ca2+       0.673728 0.424296 0.502286  

 Mg2+  0.875157 0.430031 0.026470 

BOD5  0.711038 0.315939 0.393084 

SAS  0.286753 0.201967 -0.858465 

Eigenvalue  6.682123 3.439296 1.639835 

Variance (%)  47.7294  24.5664  11.7131  
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countries including EU Member States, accession countries and other Danube riparian states for the 

implementation of the provisions of the Directive at transboundary level. In addition to the Danube 

River Basin planning, the ICPDR is taking an active role in sub-basin planning as well. One of the key 

objectives of the EU Water Framework Directive (WFD) is to ensure that all water meets good status 

by 2015. Within the frame of (ICPDR) activity Trans-National Monitoring Network (TNMN) had 

been established. ICPDR and TNMN experts defined five clases system for the evaluation of water 

quality which are mainly in accordiance with Water Framework Directive (WFD). Based on the data 

obtained and classification of surface water, according to the TNMN standards, The Danube and Tisa 

River belongs to the classes I and II. Water quality parameters (minimum and maximum values) are 

shown in table 2. 

Table 2: Water quality parameters (minimum and maximum value) measured on Danube and Tisza 

Rivers- monitoring stations 

Parameters  Min.  Max.  

SS 15 mg/l  44.33 mg/l  

Bezdan  Martonoġ  

TP 0,08 mg/l  0,14 mg/l  

Novi Sad  Ģabalj  

PO4-P 0,033 mg/l  0,069 mg/l  

Martonoġ  Ģabalj  

NH4-N 0,05 mg/l  0,13 mg/l  

Bezdan, Apatin, Bogojevo, 

Baļka Palanka  

Banatska Palanka  

NO3-N 0,90 mg/l  1,71 mg/l  

Novi Beļej  Bezdan  

BOD5 1,68 mg/l  2,51 mg/l  

Padej  Bezdan  

pH 7,96  8,25  

Ģabalj  Bezdan, Apatin  

EC 456,67 ɛS/cm  543,70 ɛS/cm  

Baļka Palanka  Titel  

SAS 0,02 mg/l  0,05 mg/l  

Bezdan, Apatin, Novi Sad, 

Banatska Palanka, 

Martonoġ, Ģabalj, Titel  

Slankamen  

 
CONCLUSIONS 

 

The factor analysis generated three significant factors which explain about 84% of the variation in the 

data set. Each factor that is significantly related to specific variables represents a different dimension of 

water quality. 

 

Cluster analysis was performed according to factor F1 that accounting for about 47% of the total 

variance which is correlated with: suspended solids SS; TH; EC; NO3-N; TP; Mg
2+

; BOD5.  

 

CA grouped 14 monitoring stations into two clusters of similar surface water quality characteristics. 

Based on the data obtained and classification of surface water, according to the TNMN standards, The 

Danube and Tisa Rivers belongs to the classes I and II.  
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ABSTRACT 

 
Business environment conditions have introduced very reliable organizations with the goal to be competitive on 

the global market. In order to achieve this goal, organizational vulnerabilities must be treated permanently 

because in the time of crisis they may lead to the catastrophe. This paper proposes a model for assessment of 

management of organizational vulnerabilities with enhancement achievements of regular management. The 

model is based on the process approach which is combined with appropriate indicators. The functioning of 

proposed model is illustrated through the data collected from several end of life vehicles (ELV) recycling centres 

in Serbia. The obtained results represent the input data for decreasing overall vulnerability of recycling system 

of ELV in Serbia through the integration processes. 

 

Key words: management of organizational vulnerabilities, ELV recycling centres, process approach. 

 

 

INTRODUCTION  

 

Coping with the organizational vulnerabilities has become one of the basic assumptions of modern 

business. Organizational vulnerabilities represent the most relevant causes of the decline of 

organizational business performance. Amongst all, vulnerabilities may lead to organization complete 

collapse. There are different ways to overcome organizational vulnerabilities and one of the most 

effective forms is effective vulnerabilities management. Coping vulnerabilities may be treated as a part 

of organizational resilience (McManus, 2007). Research field of resilience exists in the areas such as 

development, engineering, climate change, ecosystems, weather disasters, etc. Entities (systems) that 

can be described by using the word resilience, in most cases have the ability to bounce back to the 

initial condition in a short period of time. Initial condition relates to the time period that preceded the 

impact of any disturbance. Relationship between resilience and vulnerabilities is an issue in many 

science fields, from environmental change to socio-economical systems (Vogel, 2007) and the 

consensus about their total relationship has not been established. 

 

The foundation for assessment and decreasing vulnerability of recycling system of ELV in Serbia is 

process approach. Steps that set direction to the process approach can be found in the papers that treat 

resilience of social - ecological systems. If process approach is the focus, resilience can be seen as the 

ability of a system to recover and adapt to disturbances in the environment, while continuing to 

operate as if the characteristics of change have never occurred (Manyena, 2006). Having in mind this, 

it can be concluded that resilience is a process and not an outcome.  

 

In this paper, the decreasing vulnerability of recycling system of ELV in Serbia through the integration 

processes is analyzed. An organization is presented through its own processes and management of 

organizational vulnerabilities is described through the set of indicators (McManus, 2007) which needs 

to be assessed on each process level. In order to be resilient, an organization needs to have resilient 

processes and in the same time, management of the organizational vulnerabilities must be improved 

over time.  

 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 156 

Centers for ELV dismantling have become a hot topic considering efforts that are being made towards 

meeting the standards prevailing in the EU. Like all other organizations, centres for ELV recycling 

face various risks and uncertainties in the business. Since the network of centers for ELV dismantling 

of Serbia has yet to be developed, it is clear that their business as well as the interactions between the 

environment and the environment should be thoroughly examined. It takes a lot to invest in the 

development of the centers so assessment of risk in their business becomes inevitable and defining the 

metrics of vulnerability becomes imperative. In theory and engineering practice, new demands in 

terms of environmental protection, sustainable development and social responsibility have been 

emerged frequently. Environmental protection requires the reduction of emissions and usage of 

recycled materials which have a major impact on all sectors of the global economy, including all 

vehicles. Solutions for reducing emission of harmful gases can be found in the development of new 

technologies and vehicles that are using fuel whose exploitation is followed by small amount of 

carbon (Winkelman, 2009).  

 

This paper is proposing the model for assessment of organizational vulnerabilities management on the 

organizational level because decreasing vulnerability need to be started with the input data that 

describe the current state. The paper is structured as follows: literature review of organizational 

vulnerabilities is presented in the section 2, the model for assessment of vulnerabilities management in 

ELV recycling centre is presented in the section 3, in section 4 the illustrative example of one ELV 

recycling centre assessment is presented and section 5 sets the conclusion. 

 

THE LITERATURE REVIE W 

 

Currently in Serbia, the process of dismantling and recycling of ELV can be described as completely 

disorganized (Arsovski, 2010). Subsystems and vehicle parts are disassembled and they are placed on 

the market with a limited or low valued technological processes and procedures. On the other hand, 

the level of resource utilization of motor vehicles at the end of the life cycle is extremely low (below 

60% of the total vehicle weight) compared to the centres for recycling in the EU countries. Vehicle 

manufacturers in Europe have their own concept of recycling ELV and developed network of 

recycling centers. Their goal is to minimize the adverse environmental impacts throughout the ELV. 

That's why even at the stage of vehicle design, the requirements of recycling - the time required for 

removal of a given ELV or selection of materials suitable for recycling is taken out in account. 

 

In the terms of business, organizational vulnerabilities must be treated permanently because in the 

time of crisis they may cause significant problems or even catastrophe. As an answer to vulnerabilities 

issue, social systems may show resilient features. Components of resilience in a social system can be 

defined through five thematic areas where the appropriate action is possible to be implemented 

(Twigg, 2007): (1) management, (2) risk assessment, (3) knowledge and education, (4) risk 

management, (5) decreasing vulnerabilities and preparing for disturbances and reaction to them. Very 

complex issue in this area is to define main vulnerabilities and to assess the measure of their 

management. Vulnerability is a complex subject thanks to its own nature, so it cannot be easily 

reduced to a single metric. This makes vulnerabilities hard to quantify. Even more complex is to 

define a unique threshold of risk, danger or harm for an organization in general. Similarly, a measure 

of resilience is still extremely difficult to acquire so named problems are burning issues that are open 

for further research, especially in organizational science (Stephenson, 2010, Aleksic et al., 2013). 

In the global business conditions, organizations need to be engaged in a systematic process of 

prevention, preparedness, mitigation, response and recovery and business continuity. It is not 

sufficient for organizations to have a draft plan that provides scenarios for disaster or emergency. 

Threats and risks in business require direct facing in the scope of a business process, a dynamic and 

interactive relationship with a goal to ensure the continuity of the main activities of an organization, 

during and after major crisis events. The concept of resilience has become incorporated into the 

knowledge of the corporate strategy of a number of leading companies on a global scale (Booz Allen 

Hamilton 2004). During the process of strategy implementation, the most used technology is 

information and communication technology (ICT). ICT has big influence on business operations and 

capability, organizational capability and core capabilities from the resilience perspective (Pham and 
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Jordan, 2006). In the time of crisis, improvisation concept in the terms of resilience can be valuable 

solution but it is not sufficient. The positive result of improvisation is learning that is directed how to 

improve condition. That may be achieved through the re-utilization of improvisation or through the 

action component of improvisation. Other technologies and resources may also be valuable for 

organizations. Trends of management bring together different approaches in achieving of sustainable 

development and socialïecological resilience (Plummer and Armitage, 2007). Analysis of the 

sustainability of organizations shows that it is very important to carry out an evaluation in natural 

resource management. An evaluative framework for this analysis brings three broad components: 

ecosystem conditions, livelihood outcomes and process and institutional conditions. It may be 

assumed that an appropriate way for achieving sustainability is coping with vulnerabilities. This may 

be analyzed from the organizational level perspective, management of organizational resources, etc. 

Provision of recycling goals can be achieved by usage of defined procedures that should be followed 

during the evaluation process of the recyclability of ELV parts and components. A certain number of 

different types of recycled plastic materials is specified and approved for production and installation in 

new vehicles. Compared with new materials, recycled materials have to meet the same technical 

specifications and their production needs to be cheaper. If these two conditions are fulfilled, recycled 

materials are the first choice but the quality of the product must not be changed. The goal is to 

maintain a high level of performance, thermal and physical endurance as well as the aesthetic aspect, 

so parts made from recycled materials can be incorporated in any part of the vehicle. 

 

THE MODEL FOR MANAGE MENT OF ORGANIZATION AL VULNERA BILITIES 

ASSESSMENT 

 

The basis for management of organizational vulnerabilities assessment can be described as mapping 

related factors which are the same in every science field that treats vulnerabilities. In the field of 

ecology which has treated the vulnerabilities of ecosystems for many years, generally accepted 

definition of vulnerability is presented as a multidimensional concept that consists of exposure, 

sensitivity and adaptive capacity (Turner II et al., 2003). These dimensions should be incorporated into 

the assessment. 

 

The demands of market shape the organizations, so organizations have to manage its own 

vulnerabilities and strive in the moments after disturbances. Besides that, the process approach is 

found to be very important. This way, one organization can be described by its processes and their 

interconnections. Different reference models can be used to represent the organization as well as 

reference standard (ISO 14258 - Concepts and Rules for Enterprise). In this paper, the organization is 

represented by its business processes. In theory and in practice there is a large number of the process 

distribution. Classification framework of processes comprises four divisions of the master processes 

(Arsovski, 2006): (1) management, (2) management of resources, (3) implementation and (4) 

measurement, analysis and improvement. Besides the division into four master processes, the basic 

classification is also used (Oakland, 2004): (1) process of management, (2) the main processes and (3) 

support processes. From the aspect of value creation, the processes are divided into key processes and 

support processes, which involve the management process. The recycling system of ELV in Serbia 

should be observed in the wider scope than ELV recycling centres. For this purpose, all stakeholders 

need to be analyzed as well as process on the state level. These relations are presented in the figure 1. 
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Figure 1. Relations between entities in the model of recycling system of ELV in Serbia 

 

ELV recycling centres are very dependent on ICT technology in the scope of communications with 

other entities. ICT usage may enhance the availability and the speed of documents and information 

flow. Besides that, it is possible to raise the skills and the quality of employeesô engagement which 

indicates the great impact of ICT on the organization. Business processes on the level of recycling 

centres are: (1) Process of management, (2) Marketing and sale process, (3) Design and Development 

process, (4) Procurement process, (5) Production process which covers collection, selection, 

dismantling, processing, schroeders operations, (6) Support processes which covers environmental 

protection, occupational health and safety, HRM, external services such as incineration. Processes on 

the state level include financial support, registration of vehicles, law regulation and economic 

development. 

 

DATA MODELLING  

 

The importance of each business process depends on multiple factors, such as the type of activity, 

connections with other processes and others. It can be assumed that the relative importance of business 

processes on the enterprise level has different values. Weight value of business processes are almost 

unchanged during a predefined period of time and involve a high degree of subjective assessment of 

the management team. In this paper, the relative importance of business processes (RIp) and the 

relative importance of management of keystone vulnerabilities indicators (RIi) are given by scale (1-

5). Thus the next assumption is introduced ï the members of management team express their 

judgments using rating from 1 to 5 for indicator values (VI) as well as for the weights of processes and 

weights of indicators. In this paper the small and medium enterprises are in the focus so it can be 

assumed that decision makers of management team can made decisions by consensus. In the table 1, 

the model for assessment of management of organizational vulnerabilities with relevant indicators is 

presented. The obtained values of indicators on the process level may be summarized horizontally 

which gives an overall value of indicator in the organization or they may be summarized vertically in 

order to present the value of management of organizational vulnerabilities on the process level. 
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Table 1: The assessment of management of organizational vulnerabilities with relevant indicators 
 

Indicators of 

management of 

organizational 

vulnerabilities 

Referent processes in ELV recycling centre 

Process of 

manageme

nt 

Marketing 

and sale 

process 

Design and 

Developmen

t process 

Procureme

nt process  

Production 

process 

Support 

processes 

1. Planning Strategies  
RIp1ĀRIi1Ā

VI 1 

Rip2ĀRIi1ĀVI 1 Rip3ĀRIi1ĀVI 1 Rip4ĀRIi1Ā

VI 1 

Rip5ĀRIi1Ā

VI 1 

Rip6ĀRIi1ĀV

I1 

2. Participation in 

Trainings  

RIp1ĀRIi2Ā

VI 2 

Rip2ĀRIi2ĀVI 2 Rip3ĀRIi2ĀVI 2 Rip4ĀRIi2Ā

VI 2 

Rip5ĀRIi2Ā

VI 2 

Rip6ĀRIi2ĀV

I2 

3. Capability and 

Capacity of Internal 

Resources  

RIp1ĀRIi3Ā

VI 3 

Rip2ĀRIi3ĀVI 3 Rip3ĀRIi3ĀVI 3 Rip4ĀRIi3Ā

VI 3 

Rip5ĀRIi3Ā

VI 3 

Rip6ĀRIi3ĀV

I3 

4. Capability and 

Capacity of External 

Resources  

RIp1ĀRIi4Ā

VI 4 

Rip2ĀRIi4ĀVI 4 Rip3ĀRIi4ĀVI 4 Rip4ĀRIi4Ā

VI 4 

Rip5ĀRIi4Ā

VI 4 

Rip6ĀRIi4ĀV

I4 

5. Organizational 

Connectivity 

RIp1ĀRIi5Ā

VI 5 

Rip2ĀRIi5ĀVI 5 Rip3ĀRIi5ĀVI 5 Rip4ĀRIi5Ā

VI 5 

Rip5ĀRIi5Ā

VI 5 

Rip6ĀRIi5ĀV

I5 

 

The defined indicators of management of the organizational vulnerabilities in organizations are in 

focus of many scholars (Aleksic et al., 2013, Stephenson 2010). Indicators of management of the 

organizational vulnerabilities presented in this paper are adapted from McManus (2007) because this 

set of indicators has very good correspondence with the selected type of organizations. 

 

ILLUSTRATIVE EXAMPLE   

 

The organization that was used for model testing is recycling ELV centre Reomat from the region of 

Central Serbia. Reomat centre is consisted from several interconnected functional entities: 

 Receipt and registration of ELV, 

 ELV storage, 

 plant for removal and discharging of working fluid (fuel, oil, coolant, etc..) 

 plant for dismantling of motor vehicles and the selection of components and materials, 

 storage for disassembled components and materials selected, 

 storage of working fluids and toxic materials and substances 

 warehouse and plant for compacting shell / chassis, 

 transportation (special vehicles for transport of waste vehicles and vehicles for the transport of 

hazardous and toxic materials). 

 

In addition to these functional units, Reomat centre also has: 

 facility for assessment, cleanup and repair of components (parts, engine, transmission, etc.) 

 storage of repaired components (spare parts for vehicles in use) 

 store for the repaired - replaced parts. 

 

When analyzing the vulnerability of the organization, a large number of inputs can be obtained from 

the risk analysis. Outputs from that analysis represent the input data for the analysis of the 

management of organizational vulnerabilities. In the table 2 is presented survey that explains how to 

assess indicatorsô values on the level of ELV recycling centre. 
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Table 2: The survey for assessment of indicators of management of organizational vulnerabilities in 

ELV recycling centre  
 

1. Planning 

Strategies  

How is the planning strategy in line with the real possibilities of the processes of 

organizational system? 

To what extent is the top management involved in planning strategy and whether is it 

harmonized with the process? 

Are short-term and long-term goals which have already been set realistically achievable? 

2. Participation 

in Training  

How often training in the framework of the organizational system are done? 

What are the barriers to participate in the training? 

Is there a defined intense of management for carrying out regularly training? 

3. Capability 

and Capacity of 

Internal 

Resources  

How well equipped is the facility that has the function of the Crisis center in the event of 

unfortunate events? 

How complicated is to involve employees in solving the problems caused by adverse 

event? 

To what extent are the internal resources ready to support the flow of the process in case of 

adverse events? 

4. Capability 

and Capacity of 

External 

Resources  

Is the organizational system secured with an insurance company in case of identified 

adverse events? 

How well is organization connected with the external resources (ie. stakeholders)? 

What is the level of expected assistance from external resources in case of adverse events? 

5. 

Organizational 

Connectivity 

To what level is the process fault-tolerant to information and communication technology 

faults during the product development? 

How is the fault-tolerant to physical errors of information and communication 

technologies? 

To what level is the process fault-tolerant to information and communication technology 

faults in the interaction with other processes? 

 

Indicator 1 (Planning Strategies) is the most evident in the process of management which is organized 

by strategic planning. In this process, plans that are being implemented in other processes with an 

emphasis on legislation and financial incentives from the government are defined. Participation in 

training may be required for the implementation of any process. It is necessary to consider the 

appropriateness and effectiveness of trainings. Internal resources have impact on the processes 

comprising all the elements necessary for their normal functioning and operation of the organization. 

They include physical resources, process resources and the human resources. The impact of this 

indicator is easily recognizable in the procurement and production. External resources will have the 

greatest impact on the organization in terms of the knowledge transfer and providing resources for the 

functioning of the organization. Their influence is theoretically the easiest to observe in the process of 

design and development and in production. Vulnerability of ICT in the enterprise can be manifested in 

all processes. When assessing the value of the vulnerability management indicator, relevant 

information may be obtained during the evaluation of process performance. In the table 3 are 

presented obtained results from the Reomat ELV recycling centre 
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Table 3: The assessment of management of organizational vulnerabilities with relevant indicators 
 

Indicators of 

management of 

organizational 

vulnerabilities 

Referent processes in ELV recycling centre 

Process of 

manageme

nt 

Marketing 

and sale 

process 

Design and 

Developmen

t process 

Procureme

nt process  

Production 

process 

Support 

processes 

1. Planning Strategies  21 21 15 21 24 18 

2. Participation in 

Trainings  

18 15 12 15 18 12 

3. Capability and 

Capacity of Internal 

Resources  

30 36 12 42 45 36 

4. Capability and 

Capacity of External 

Resources  

30 36 9 36 42 30 

5. Organizational 

Connectivity 

21 18 12 18 21 21 

 

Summarized data from the table 2 may present vulnerability of each business process (Figure 2) or the 

values of each vulnerability indicator on the organizational level (Figure 3). 

 

 
 

Figure 2. The vulnerability level of each business process 
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Figure 3. The values of each vulnerability indicator on the organizational level 

 

The results of organizational vulnerability management analysis may address current state and future 

trends of this ELV recycling centre in Central Serbia. Through the analysis of business processes it 

can be concluded that the lowest level of vulnerability management is in the field of design and 

development (60 points) and within the processes of support (117 points). The highest score may be 

noticed in the process of production. This could be expected because in the field of design and 

development there are almost no employees and the activities of this process are very rare and they are 

usually done by outsourcing. Relatively high level of vulnerability management in the production 

process is the consequence of high technological level and resources for the process realization in the 

current conditions. 

 

From the aspects of management of organizational vulnerabilities indicators, the lowest level is 

assessed within Participation in exercises (90 points), Organizational connectivity (111 points) and 

Planning strategies (120 points). Higher results are obtained within the Capability and capacity of 

external resources (183) and Capability and capacity of internal resources (201).this indicates that 

decreasing of vulnerability may be achieved through the application of Ăsoftñ methods in the field of 

education and trainings , organizational design and through the improvement of management 

especially strategic management. 
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CONCLUSION 

 

Based on the real state, it can be concluded that the centres for ELV recycling are very needed in 

Serbia, and that their construction and sustainable development will significantly improve the 

domestic industry. To ensure their smooth operation and existence in stable and crisis situations, it is 

necessary to provide guidance on the assessment of their management of vulnerabilities. 

 

The industrial management practice shows that in almost every enterprise, organizational 

vulnerabilities represent the most relevant causes of the decline of organizational business 

performance and may lead to very significant issues. The different ways may be defined for 

overcoming the vulnerabilities of the organization, and one of the most effective forms is effective 

management of organizational vulnerabilities. In this paper, a model for evaluation of management of 

organizational vulnerabilities on the process level and on the enterprise level is proposed. The 

proposed model was tested on centre for ELV recycling in the region of Central Serbia. The analysis 

done by proposed model was in a very good alliance with the real situation in practice. 

 

The conclusion which should be emphasized is that the relative importance of the business processes 

and indicators of organizational vulnerabilities are given by scale (1-5). All the changes, such as the 

changes in the number of processes/indicators (or relative importance) can be easily incorporated into 

the model. The further research will cover the scope of process improvement measures as well as 

improve the overall management of organizational vulnerabilities. 
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ABSTRACT 

 

This paper analyzes the importance of waste management in the City of Zrenjanin. A survey was conducted, was 

done by interviewing its residents, the results provide insight into how the waste management in the City of 

Zrenjanin. The aim of this study was to examine the awareness of waste management and to determine what 

actions citizens are directed towards the preservation of the environment and the motives for certain actions. 

 

Key words: Waste management, environmental protection, Zrenjanin. 

 

 

INTRODUCTION  

 

City of Zrenjanin, like many in Serbia is faced with serious problems in their development that are a 

poorly developed infrastructure, and bad habits and lack of concern for the environment. Ministry of 

Environment and Spatial Planning recognized as one of the biggest environmental problems in Serbia, 

inadequate waste management. Waste management in the right way in a city is an important factor in 

protecting the environment and what is done in a way that provides the least risk to health and life of 

people and the environment. " The Universal Declaration of Human Rights with a new 31 Article 

states: "Every human being has the right to maintain the ecological balance in their environment, 

which it shares with all other living beings, plants and animals, whose survival as a guarantee for the 

survival should be ensured. " U.S. Public Health Service published the results do with 22 kinds of 

diseases in people with inadequate removal of waste. The problem of this study is the management of 

waste the city of Zrenjanin. As a major research problem observed is low awareness among citizens 

about the importance of preserving the environment through waste management adequately. 

 

MATERIAL AND METHODS  
 

Empirical research was carried out, based on a survey conducted among residents of the City of 

Zrenjanjina. The research methodology is based on the formulation of the survey on waste 

management ( Table 1). Questions are normally designed to incorporate awareness of the respondents 

about the problem ie. basic claims and findings and incorporate respondents' opinions on various 

aspects of the subject dealt. Part of the survey are further sub- target students Technical Faculty 

"Mihajlo Pupin" in Zrenjanin, in order to comprehend the awareness and knowledge of young 

educated ljidi. The second part of the questionnaire were randomly distributed in order to look into the 

minds of people with different levels of educational attainment and of different ages. Information 

based on data from surveys are basically quantification type, with elements of qualitative type in a few 

questions. Data were statistically analyzed after which the results are displayed on a graph for better 

visibility. The objectives of this study are:  

- Consideration of awareness on waste management in an appropriate way in the City of Zrenjanin.  

- Determining the attitude of citizens about whether they think the proper way affect the protection of 

the environment and whether it adequately manage the waste that is garbage.  
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- Determine what actions and activities undertaken by citizens about environmental issues.  

- Analysis of the awareness of the citizens in the segments of sustainable development, such as 

environmental protection and waste management.  

- Detecting bottlenecks and find solutions that would affect the Waste Management Plans in Zrenjanin 

to a higher level. 

Table 1: Survey " Waste Management (trash) "1 
Dear Sir / Madam , the survey is carried out to the student writing on the faculty. The survey was anonymous and the data from it in 

any way will not be abused. Please carefully fill out the survey. Thank you for your cooperation and for your time. 

* Note: The possible responses are regulated by the numbering so that circling number 1 give complete denial of the question, and by 
rounding the number up to 5 confirm the question. For example: 1 - no, 2 - way,  3 - maybe  4 - a, 5 - to (descriptions of numbers are 

adjustable according to the set question). 

Waste Management ( Collection) 

Ordinal Questions  
 

Answers 

1 th  

 

Did you know that most of the waste materials can be recycled? 
1        2        3        4        5 

2 th To what extent do you believe that waste sorting and recycling pozitivmo its further 
impact on the lives of every individual? 

1        2        3        4        5 

3 th Do you think that you are well informed about the collection, storage and disposal of 

waste? 
1        2        3        4        5 

4 th Do you think that the sorting of waste is fully enabled in Zrenjanin? 1        2        3        4        5 

5 th Do you throw the waste in a place not designed for it? 1        2        3        4        5 

6 th Do you throw in PET containers that are designed for that purpose? 1        2        3        4        5 

7 th * If the 6 given the negative response, write why:  

8 th Do you think that there is in the municipality of Zrenjanin dovaljan number of containers 

provided for waste that is recycled? 
1        2        3        4        5 

9 th Do you think that the task of the state to organize and motivate people to perform 

separation of waste? 
1        2        3        4        5 

10 th * If the 9th answered positively, write your suggestions on how the government could 

motivate people to perform separation of waste: 
 

11 th Did you know that recycling contributes Reducing landfill and soil degradation? 1        2        3        4        5 

12 th Did you know that when the materials we recycle, getting new products reduces the need 

to use natural resources? 
1        2        3        4        5 

13 th Did you know that the raw resources of the planet are limited? 1        2        3        4        5 

14 th Did you know that it is far more energy when we get new products, processing of natural 
resources, but when it is made from recycled materials. 

1        2        3        4        5 

15 th Do you think that in the future to modify people's awareness towards waste generated? 1        2        3        4        5 

 
RESULTS AND DISCUSSION 

 

 We will now graphically presents the research results, which are based on surveys of waste 

management. The following table (table 2). Provides insight into the social features respondents and 

respondents who underwent a survey on waste management. 

 

Table 2: Social characteristics of the respondents of the "Waste Management" 2 

                                                 
1 Seminarski rad, ĂOdrģivi razvoj u Opġtini Zrenjaninñ Mila Zakin 

2 Seminarski rad, ĂOdrģivi razvoj u Opġtini Zrenjaninñ Mila Zakin 

 

Social characteristics of respondents (rounded) Total 

What is 

your 

gender? 

M F    

 25 16    

How old 

are you? 

15-30 30-45 >45   

 15 12 14   

The level 

of 

education? 

PS SSS VĠ VSS  

 10 17 4 10 41 
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Figure 1. Familiarity of recycling waste materials  

 

Based on the perceived informisnosti citizens (Fig. 1), it can be concluded that the majority of 

respondents were instructed to most of waste materials can be recycled, while a minority respondents 

who did not know enough about. It is very gratifying that none of the respondent to fully not 

commented that was not fully  addressed the majority of waste recyclable materials. 
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Figure 2. Citizens' opinions about the impact of waste segregation and its further recycling in the life 

of every individual 

 

Based on the perceived informisnosti citizens (Fig. 2), it can be concluded that the majority of 

respondents believe that waste sorting and recycling pozitivmo its further impact on the lives of every 

individual. Emphasis has been given to the minority that does not share the view that adequate waste 

management has positive results on each individual, and should be more widely explained exactly how 

waste sorting and recycling pozitivmo its further impact on people's lives. 
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Figure 3. Being informed about the collection, storage and disposal of waste 

 

Based on the perceived informisnosti citizens ( Fig. 3), it can be concluded that in the majority of 

citizens believe that they are not sufficiently informed or are not sure that you are well informed about 

the collection , storage and disposal of waste. Given that citizens are aware of the most positive that 

adequate waste management has a positive effect on each individual we have seen in the previous 

figure, 2 ( Fig. 2), they should use their majority opinion and inform them about how, in what way and 

where to dispose of waste and to present them with all the benefits that you would as a result of a 

higher percentage of citizens about the waste. 
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Figure 4. The possibility of sorting waste in the municipality of Zrenjanin 

 

Addition, based on the opinions of citizens (Fig. 4), it can be concluded that in the majority of citizens 

believe that waste segregation is not fully enabled in the municipality of Zrenjanin, a percentage was 

vague due to lack of information, while a small number declared that he thought the separation of 

waste enabled. Sorting waste is poorly developed, the PUC shall classify only five containers, 

cardboard, nylon and metal by means of contracts it has signed with certain companies. Company 

made the purchase of certain raw materials at the main landfill, purchase of raw materials already 

sorted or sent his team to carry out those waste separation among the received waste. 
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Figure 5. Waste Disposal in places not designed for it 

 

Addition, based on the testimony of citizens (Fig. 5), it can be concluded that the majority of people 

dispose of waste in a place designated for that purpose, with fewer pleaded not waste disposed in 

places provided for that purpose. To encourage citizens to dispose of waste only in places for this 

purpose, they should be first made available to the containers, cans, recycled islands, recycling yard, 

etc., in order to properly dispose of the waste. In the last few years, the town was covered in the 

buckets and containers for recycling a waste, but a lot to do on the availability of waste disposal. 

When talking to disposal must be emphasized that it is necessary separation of waste at a larger scale. 

In addition to classic containers are only containers for PET packaging as for other types of waste 

sorting is not enabled. It is necessary to introduce more containers for waste separation, such as: 1. In 

the season of pruning trees, mowing and landscaping, it is necessary in each settlement is 1 or 2 

dedicated container for it to be otherwise would not have green mixed with other household waste or 

be left with the trash. 2. That in every neighborhood of the designated disposal of hazardous waste. 3. 

In the next five containers for packaging, provide containers/bins for aluminum cans, glass, 

paper/cardboard, and other materials that can be recycled. When enabled citizens to a particular type 

of waste disposed of at prescribed places, and they do not, they should be strict penalties warn. 

Citizens need to continually emphasize the benefits of proper disposal of waste and the benefits of 

that, inform them, for example through leaflets, letters to the PUC, a variety of activities and 

educational workshops. It might also be introduced to the containers is vividly emphasized the 

importance of proper disposal of certain types of waste. Residents living in buildings have the 

advantage as regards the possibility of classification of waste, and the account that should be 

introduced to the citizens who live in the houses have the ability to classify the waste. 
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Figure 6 . Disposal of PET into containers that are designed for that purpose 

 

Addition, based on the statement of Citizens (Fig. 6), it can be concluded that a slightly higher 

percentage of respondents said that they do not delay in PET containers for this purpose, but it should 

be noted, however, that a considerable number of the expectations pleaded properly disposed PET 

bottles. 

The containers are in poor condition

Citizens hate to throw away garbage

Packaging related people who do not work that

They do not see the significance in this

Citizens who live in houses and if you perform sorting of
waste, when JPK buy garbage she mixed

 
Figure 7. Reasons for inadequate waste PET bottles 

 

Based on the plea of the respondents (Fig. 7), we conclude that the answers given in a number of 

unfounded, although the containers are in poor condition, they serve a purpose, also people should be 

made aware that although PET relations between people who are responsible for it, they was sold to 

entrepreneurs who are authorized to purchase it so that packaging be properly used, ie. recycled. You 

need people to visualize it as their duty to throw the packaging appropriate place. They also need to 

present predosti recycling of PET, it would be best to each container is indicated graphically what is 

saving and recycling plastic saves. The only established excuse for not sorting and throwing plastic 

package on the contingency of the citizens who live in the houses do not have the ability to perform 

separation of waste, as it PUC during the collection mixed with other waste. It is necessary to allow 

selecting plastic waste when they gather and to the citizens who live in the houses could become  

aware of proper disposal. 

 

0

5

10

15

20

1 2 3 4 5

Number of
respondents

 
Figure 8. Number of containers provided for waste that is recycled Municipality of Zrenjanin 

 

According to the statements of Citizens (Fig. 8) it can be concluded that it is their opinion that there is 

a sufficient number of recycling containers. Many of the respondents remained neutral as a result of 

interest and information for certain segments of the community functioning. 
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Figure 9. State responsibility to organize and motivate people to perform separation of waste. 

 

Based on the analyzed statements citizens (Fig. 9), it can be concluded that the majority of respondents 

agreed that the task of the state to organize and motivate people to perform separation of waste. 

 

Stringent fines

Division of bins for different types of waste by state

Stimulating the sale of recyclable materials a higher
purchase price

Completely abolishing plastic bags

Education about the benefits of recycling

Activities of community policing

 
Figure 10. Proposals to state to motivate people to perform separation of waste  

 

Suggestions that the government could implement to motivate people to perform separation of waste 

are shown in Figure 10 (Fig. 10). 
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Figure 11. Contribution to Reducing landfill recycling and degradation of soil 

 

Addition, based on the opinions of citizens (Fig.11) can be concluded that in the majority of citizens 

believe that recycling contributes Reducing landfill and soil degradation, a significant percentage of 

respondents was vague due to lack of information, and very few pleaded thought that recycling does 

not affect Reducing the landfill and soil degradation. The results were very positive, because 

according to them it can be concluded that the respondents in the most educated on certain benefits of 

recycling, the product may have an increased level of activities aimed at protecting the environment. 
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Figure 12. Informing citizens about the need to reduce the use of natural resources using recycling 

 

Addition, based on the results ( Fig.12) it can be concluded that citizens in large numbers informed 

that the recycling of used materials for new products reduces the need for natural resources. Very few 

of those who are not familiar. The number of those not versed to be reduced to zero raising awareness 

through education on the products themselves to a greater extent . Some examples of these are the five  

bottles that promote the benefits of recycling. 
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Figure 13. Informing citizens of the limited raw material resources of the planet 

 

Addition, based on the results (Fig. 13) it can be concluded that citizens in large numbers informed 

that the raw resources of the planet are limited. There are many people who are not familiar. The 

number of those not informed, to be reduced to zero, the constant information and placing an emphasis 

on the preservation of raw resources and present it as an alarm for the future. 
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Figure 14. Familiarity of citizens to higher consumption in the acquisition of new products the 

processing of natural resources 

 

Addition, based on the results ( Fig. 14 ) it can be concluded that the majority of respondents were not 

sent to a far greater power when the new products obtained by processing natural resources , while 

minority declared that it is addressed. It is necessary to inform citizens about saving sirovnihskih 

resources in this way and show them to be very important because the raw resources of the planet are 

limited, they should also be told to spend more money and resources that could be focused on 

something significant to human life. 
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Figure 15. Change in the minds of people in the future to waste 

 

Addition, based on the results (Fig. 15) it can be concluded that the largest percentage of respondents 

declared indefinite, the rest is distributed to most who thinks that there will be a change of 

consciousness and the minority that thinks that a change awareness on waste will not occur. It is very 

positive that the majority of respondents think that the awareness of waste changed for the better in the 

future. 

 

CONCLUSIONS 

 

Based on the research it can be concluded that people's awareness of waste management in an 

appropriate manner and the benefits of the treatment of various types of wastes are not yet fully 

developed. If waste management seriously, result would be drastic changes that lead to a better 

functioning of the local community in many areas. Not only must change our habits, but must lead to a 

change of consciousness in the fields of environmental protection. Only with a positive attitude and 

acceptance of the changes that are needed to make sustainable development went upward, Zrenjanin 

be a success in many fields. Given the fact that the solutions are directed towards the conservation of 

natural resources that affect the quality of life of people, their use would provide a clear picture of the 

quality of the functioning of the local community, and therefore to the citizens within their community  

social responsibility raised to a higher level. 
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ABSTRACT  

 
Textile recycling involves the use of scrap fabric to make new products. The share of textile materials in 

household waste is about 5-10%. In addition, household textile waste is generated from industrial production of 

textiles and of the manufacturing industry. Technological textile waste together with consumer textile waste 

represents a significant potential for use and recycling. Textile material made from natural and synthetic fibers 

can be recycled. The environmental impact of textile production is not well documented, so in this paper we give 

an overview of recycling technology for textile recycling. Recycling textile in the word becomes more and more 

important while in Serbia it was entirely omitted. 

 

Key words: recycling, textile, natural and synthetic textile materials, environmental, waste material. 

 

 

INTRODUCTION  

 

Textile recycling is the method of recycling all the textile waste during the whole process of fabrics-

making or reprocessing used clothing, fibrous material and clothing scraps from the manufacturing 

process. Recycled textiles in municipal solid waste are found mainly in discarded clothing, although 

other sources include furniture, footwear, and nondurable goods such as sheets and towels. Recycled 

textiles are based on green aspects and gradually become popular. 

 

Most of the textile waste is composed of natural and synthetic polymeric materials such as cotton, 

wool, polyester, nylon, polypropylene, polyethylene and others. Natural fibers can take hundreds of 

years to decompose, and once in the landfill may release methane and carbon-dioxide gas into the 

atmosphere. The even more durable textiles manufactured from synthetics are designed not to 

decompose (for nylon 30 to 40 years is necessary to decompose). In the landfill they may release toxic 

substances into groundwater and surrounding soil. During production, synthetics fiber release nitrous 

oxide, which is much more powerful greenhouse gas than CO2 (Nadkarni, 1999). 

 

A variety of technologies have been developed in response to customer demands for recycled products 

and as alternatives to land filling. Typically recycling technologies are divided into primary, 

secondary, tertiary, and quaternary approaches. Primary approaches involve recycling a product into 

its original form; secondary recycling involves melt processing a plastic product into a new product 

that has a lower level of physical, mechanical and/or chemical properties. Tertiary recycling involves 

processes such as pyrolysis and hydrolysis, which convert the plastic wastes into basic chemicals or 

fuels. Quaternary recycling refers to burning the fibrous solid waste and utilizing the heat generated. 

All these four approaches exist for fiber recycling. 

   

TEXTILE WASTE AND RE CYCLING  

 

According to the Secondary Materials and Recycled Textiles Association (SMART) and the Council 

for Textile Recycling (Brill , 1999), more than one thousand businesses and organizations employing 

many tens of thousands of workers divert some 2 million tons of  textile waste from the solid waste 

stream. In the Figure 1 is given EPA report of municipal solid waste in 2011 year. Textile waste can 

be classified as either pre-consumer or post-consumer. Pre-consumer textile waste consists of two by- 

product materials from the textile, fiber and cotton industries. Each year 750,000 tons of this waste is 
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recycled into raw materials for the automotive, furniture, mattress, coarse yarn, home furnishings, 

paper and other industries. Approximately 75 % of the pre-consumer textile waste is recycled.   

  

 
 

Figure 1. Analysis of municipal solid waste composition for 2011 year (EPA). 

 

Post-consumer textile waste consists of any type of garments or household article, made of some 

manufactured textile, which the owner no longer needs and decides to discard. These articles are 

discarded either because they are worn out, damaged, outgrown, or have gone out of fashion (Aguilar-

Virgen et al., 2013). They are sometimes given to charities but more typically are disposed of into the 

trash and end up in municipal landfills. Approximately 1,250,000 tons of post-consumer textile waste 

(4.5 kg per capita) is recycled annually.  

 

However, the recycled amount represents less than 25% of the total post-consumer textile waste that is 

generated. Almost half (48%) of the recovered post-consumer textile waste is recycled as secondhand 

clothing, which is typically sold to third-world nations. Approximately 20 percent of the material 

processed becomes wiping and polishing cloths. Finally, 26 percent of this post-consumer waste is 

converted into fiber to be used in products similar in nature to those manufactured from pre-consumer 

textile waste. 

 

According to a U.K. industry source, about 50% of collected textile is reused, and about 50% are 

recycled. About 61% of recovered wearable clothes are exported to other countries. In some African 

country, as may as 80% of people wear used clothing. The issue of sending used clothing to Africa is 

generated some degree of controversy as to the benefits of such initiatives, where it can have a 

negative impact on local textile industry, native dress and local waste generation. 

 

For textile to be recycled, there are basic differences for natural and synthetic fibers. For natural 

textile: 

V Incoming unwearable material is sorted by type of 

material and color. Color sorting results in fabric that 

does not need to be re dyed. The color sorting means 

no re-dying is needed, saving energy and avoiding 

pollutants. 

V Textile are then pulled into fiber or shredded, 

sometimes introducing other fibers into the yarn. 

Depending on the end use of the yarn, other fibers may be incorporated. 

V The yarn is then cleaned and mixed through a carding process. 

V Then the yarn is re-spun and ready for subsequent use in weaving or knitting (special 

processes). 

V Some fibers are not spun into yards, however. Some are compressed for textile filling such as 

in mattresses. 

 
Figure 2. Label recycling of cotton 
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In the case of synthetics textile the process is rather different. Polyester based textiles, garments are 

shredded and then granulated, and processed into polyester chips. These are subsequently melted and 

used to create new fibers for use in new polyester fabrics. The fiber produced from recycled garments 

and fabrics are of the same high quality as those produced from virgin polyester derived directly  from 

oil. 

 

Recovery and recycling provide important environmental benefits: 

V Decreases landfill space requirements, bearing in mind that synthetic fiber products do not 

decompose, and that natural fibers may release greenhouse gases; 

V Reduced pressure on virgin resources; 

V Reduced consumption of energy and water; 

V Results in less pollution, as fibers  do not have to be transported from abroad and 

V Lessened demand for dyes.    

 

 

RECYCLING TECHNOLGY FOR TEXTILE  

 

There are four methods for textile recycling. The first method is mechanical recycling, the second is 

chemical recycling and the third method is thermal recovery. The last is other method such as the 

usage in blast furnace instead of the coke. The recycling method of the post consumer textile waste is 

mainly the mechanical recycling. A part of synthetic fiber manufacturer carries out the chemical 

recycling. 

 

Figure 3 shows an example of mechanical recycling of synthetic fiber (Toyobo Company, Japan). It is 

re-melting of Nylon 66 air bag edge materials. Cutting chips of non-coating nylon air bags are 

collected and re-melted with special chemicals in order to increase it strength and modulus. The 

recycled resin can be used for molding goods such as engine cover for automobile and others. 

 

 
 

Figure 3. Example of mechanical recycling of synthetic fiber (Toyobo Company, Japan). 

 

The chemical recycling of the same synthetic fiber - Nylon 66 is completely different. Figure 4 shows 

an example of chemical recycling which is applied in DuPont Company. There are some methods to 

de-polymerize Nylon 66 to hexamethylene diamine and adipic acid. But in this process separation and 

purification must be carried out, so it becomes the cost increase. The ammolysis process is very 

effective. This process is to recover only the hexamethylene-diamine from Nylon 66 and Nylon 6. 

Adipamid from Nylon 66 and aminocaproamide from Nylon 6 are changed to hexamethylene diamine. 
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Figure 4. Example of chemical recycling of synthetic fiber (DuPont, U.S.A) 

 

Chemical recycling of polyester is shown in Figure 5. PET bottle and PET fiber can be de-

polymerized by ethylene glycol, and it changes in bis-2-hydroxyethyl terephthalate (BHET). The ester 

interchange is down by methanol and re-crystallization is down, then the crude dimethyle-

terephthalate (DMT) is obtained. This DMT can be used for the raw material of the polyester fiber. In 

this process the technology which removed different polymer and dyestuff, additives and finishing 

agent such as the pigment has been developed by Teijin (Japan). The production scale of the recovery 

polyester fiber to DMT is approximately 10,000 tons per year. In addition, the hydrolysis is done to 

make PTA from the raw material of the PET bottle. This process is so called bottle-to-bottle or fiber-

to-fiber process. 

 
 

Figure 5. Chemical recycling of polyester (PET bottle to polyester fiber) 

 

This process saved raw materials and was estimated to conserve energy consumption by up to 30% 

over virgin polyester manufacturing. It is also estimated that this technology prevented up to 13 

million plastic bottles (about 254,000 kg of polyester waste) from ending up in landfill sites (Hayes, 
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2010). Teijin Fibersô closed-loop recycling system from polyester products, known as EcoCircle, 

prevent clothes from ending up in landfills and can be sustained perpetually. Fabrics produced from 

these fibers are high quality (Lee et al., 2013), sophisticated, and innovative for use in the ready to 

wear and active markets for men and women. 

 

Fiber-to-fiber closed loop recycling offers additional benefits such as fiber stability and yarn size equal 

to that of virgin fiber, no color limitations, it can achieve ñpure whiteò. Further, reduction of fuel- 

based inputs needed for manufacturing products, garment diverted from landfills and incinerators; 

further CO2 emission reductions, potential for recycling in perpetuity to a product of equal quality, and 

extraction of synthetics from some blends. 

 

ECONOMIC AND ENVIORM ENTAL ASPECT OF RECY CLING TEXTILE  

 

Synthetic fibers are the most popular fibers in the world ï itôs estimated that synthetics account for 

about 65% of world production versus 35% for natural fibers. Most synthetic fibers (approximately 

70%) are made from polyester, and the polyester most often used in textiles is polyethylene 

terephthalate (PET). In the Figure 6 is given global fiber production from 1970 to 2009. The majority 

of the worldôs PET production,  about 60%,  is used to make fibers for textiles; about 30% is used to 

make bottles. Itôs estimated that it takes about 104 million barrels of oil for PET production each year, 

that is 70 million barrels just to produce the virgin polyester used in fabrics. That means most 

polyester (70 million barrels worth) is manufactured specifically to be made into fibers, not bottles, as 

many people think. Of the 30% of PET which is used to make bottles, only a tiny fraction is recycled 

into fibers.  

 

 
 

Figure 6. Global fiber production  

 

Recycling of polyester uses less energy that is needed to produce virgin polyester. Various studies all 

agree that it takes from 33% to 53% less energy. If we use the higher estimate, 53%, and take 53% of 

the total amount of energy needed to make virgin polyester (125 MJ per KG of ton fiber). The amount 

of energy needed to produce recycled polyester in relation to other fibers is given in Table 1. Also the 

content of carbon-dioxide emission in to the air is less than production from virgin polyester (Table 2). 

 



II I International Conference ĂECOLOGY OF URBAN AREAS 2013ñ, 11th October 2013, Zrenjanin, Serbia 

 

 178 

Table 1. Embodied energy used in production of various fibers 

 

Types of fibers 
Energy use in MJ per 

kg of fiber  

Hemp, organic 2 

Flax 10 

Hemp, conventional 12 

Cotton, organic, India 12 

Cotton, organic, U.S.A 14 

Cotton, conventional 55 

Wool 63 

Recycled PET 66 

Viscose 100 

Polypropylene 115 

Polyester 125 

Acrylic 175 

Nylon 250 

 

 

Table 2. CO2 emission in to the air (kg of CO2 per ton of spun fiber) 

 

Types of fibers Crop cultivation  Fiber production Total 

Polyester, U.S.A. 0 9.52 9.52 

Cotton, conventional, U.S.A. 4.2 1.7 5.9 

Recycled PET   5.19 

Hemp, conventional 1.9 2.15 4.1 

Cotton, organic, India 2 1.8 3.8 

Cotton, organic, U.S.A 0.9 1.45 2.35 

 

Despite the savings of both energy and emissions from the recycling of PET, the fact is that it is still 

more energy intensive to recycle PET in to a fiber than to use organically produced natural fibers. 

 

Recycling in Fashion industry 

 

Fabrics made from recycled items are now becoming more commonplace with recycled polyester 

made from recycled drinks bottles now being made by companies such as Patagonia, Marks and 

Spencer, and Armani jeans. Armani jeans have been incorporating eco fabrics and design since the 

mid 90ôs. Their first eco project started in 1995 with the development of a process to recycle denim. 

This was revolutionary for the time and the jeans were displayed at the Science and Technology 

Museum of Milan. Later that year, Armani Jeans developed new materials using 60% recycled wool 

and recycled cross dyed cotton and introduced hemp eco washes into the collection. This 

experimentation has continued with the production of an organic knitwear range, the use of pure 

alpaca and the engagement with fair-trade cotton projects in Peru and Bolivia and recycled polyester.  

Levi`s has created a line of shoes made of old jeans ñReused Jean Shoeò. 

 

Some fashion businesses use fabric waste generated during the manufacturing process or material that 

has been designated as unusable due to minor faults. 

 

Companies like From Somewhere specialise in creating collections from this kind of fabric, and refer 

to this process as óupcyclingô rather than recycling.  

 

Recycling polyester fiber is only one aspect of material production that can help promote sustainability 

in the fashion industry. As the demand for clothing grows, fashion industry professionals must identify 
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and target any areas within the production chain and implement more sustainable processes or 

practices with less negative impact. 

 

CONCLUSION 

 

Textile waste is not a large waste stream by weight or volume but has a significant environmental 

impact connected to the production of textiles. Research on new recycling techniques are needed both 

in the area of separation and production based on recycled fibres. Some of the materials used in 

textiles today (e.g. cotton) are not sustainable even with a rather high grade of reuse and recycling. 

 

A significant percentage of recycled products are used by the automobile industry to create thermal 

and acoustic insulation material for motor vehicles, for packaging and technical products. The 

automobile industry uses waste fiber in webs bonded. Moreover, the manufacturing sector uses 15% of 

collected textiles as rags. In Poland, the waste from recycling is used to make paper or rags for 

industry. Recycled textile material can be used also, in the carpet industry.  

 

To reduce the environmental impact from textiles, the design of clothes need not only be focused on 

fashion but also on the life cycle of the clothing item. A short lived clothing item (due to fashion, 

inherent properties or other) needs to be designed with recycling in mind while a long lived clothing 

item should be designed to last long, perhaps with some parts interchangeable to enable easy repair 

and to make it suitable for the second hand market. 
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ABSTRACT 

 
The recent high demographic development has accelerated water pollution. Nutrient discharges to natural 

waters have contributed to an increase in many problems such as eutrophication. Water quality legislation has 

increased the standards regarding nutrient removal in order to overcome eutrophication problems in receiving 

waters. With more stringent standards imposed regarding nutrient removal, processes have been developed to 

remove compounds containing nitrogen and phosphorus. However, nutrient removal from wastewaters is still a 

significant concern in many countries due to its high cost. Therefore, effective and low cost technologies for 

nutrient removal from wastewaters are in great demand. Moreover, the harvested microalgal biomass, itself, 

constitutes a raw material for the production of different high-value chemicals and bio-fuels such as 

biodiesel, bioethanol, biogas, biohydrogen, etc. The combination of wastewater treatment with algal 

cultures and production of biofuel/chemicals from this algal biomass serve for sustainability as well. In this 

context, this study investigated the nutrient removal from domestic wastewater by using two different algal 

cultures, Chlorella vulgaris and a mixed algal culture in semi-continuous reactors with different solid retention 

times. Significant nitrogen and phosphorus removal efficiencies were achieved. The produced algal biomass will 

be used for bio-gas and bio-hydrogen production in the next step of our research. 

 

Key words: Wastewater, Algae, Nutrients, Eutrophication, Biofuel. 

 

 

INTRODUCTION  

 

The recent high demographic development has accelerated water pollution. Nutrient discharges to 

natural waters have contributed to an increase in many problems such as eutrophication. Water quality 

legislation has increased the standards regarding nutrient removal in order to overcome eutrophication 

problems in receiving waters. With more stringent standards imposed regarding nutrient removal, 

processes have been developed to remove compounds containing nitrogen and phosphorus (Pastor et 

al., 2008). However, nutrient removal from wastewaters is still a significant concern in many countries 

due to its high cost. Therefore, effective and low cost technologies for nutrient removal from 

wastewaters are in great demand. 

 

The production of valuable products as a part of waste management activities serve for sustainability if 

the techniques used are economically and technically feasible. As a result, there is a continuous effort 

to find ways of extracting valuable products from domestic, industrial, and agricultural wastewater. 

The nutrient management of wastewater treatment bears one of these opportunities by producing algae 

which can then be converted into different high-value chemicals and bio-fuels such as biodiesel, 

bioethanol, biogas, biohydrogen, etc. (Uludag Demirer et al., 2013). In other words, the harvested 

microalgal biomass, itself, constitutes a raw material for the production of different high-value 

chemicals and bio-fuels. Combining wastewater treatment with algal cultures and production of 

biofuel/chemicals from this algal biomass do not only contribute to the existing problem of 

mailto:gece.ogut@metu.edu.tr
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nutrient removal in wastewaters but also reduce the carbon footprint of wastewater treatment 

activities. 

 

Microalgae are one of the most important bio resources that are currently receiving a lot of attention 

due to a number of reasons. The world is faced with energy challenges in the near future and it is 

reported that fossil fuel reserves will be depleted in half a century (Chisti, 2007). It has been estimated 

that biomass could provide about 25% of global energy requirements and can also be a source of 

valuable chemicals, pharmaceuticals and food additives (Briens et al., 2008). 

 

With the depletion and increase in prices of petrochemical fuels, the advent of innovative ways of 

generating biofuels using microalgae has the potential of off-setting these pertinent challenges (Park et 

al., 2011). In addition, the growing of urban population poses a serious threat to the environment due 

to the release of copious amounts of domestic municipal wastewater. The use of microalgae is 

desirable since they are able to serve a dual role of treatment of wastewater as well as generating 

biomass for biofuel production with concomitant carbon dioxide sequestration. In addition, wastewater 

remediation by microalgae is an eco-friendly process with no secondary pollution as long as the 

biomass produced is reused and allows efficient nutrient recycling (Rawat et al, 2011). 

 

The discharge of industrial and municipal wastewater poses serious environmental challenges to the 

receiving water bodies (Arora and Saxena, 2005). The major effect of releasing wastewater rich in 

organic compounds and inorganic chemicals such as phosphates and nitrates is mainly eutrophication 

(Pizarro et al., 2006). This problem can be solved by the use of microalgae whereby the waste water is 

used as feed for microalgal growth. The advantage is that while the microalgae will be removing 

excess nutrients in the wastewater, there will be concomitant accumulation of biomass for downstream 

processing (Rawat et al, 2011). The use of a wide range of microalgae such as Chlorella, 

Scenedesmus, Phormidium, Botryococcus, Chlamydomonas and Spirulina for treating domestic waste 

water has been reported and efficacy of this method is promising (Wang et al., 2010). Research 

conducted by Chinnasamy et al. (2010) demonstrated that a consortium of 15 native algal isolates 

showed >96% nutrient removal in treated wastewater. Biomass production potential and lipid content 

of this consortium cultivated in treated wastewater were (9.2ï17.8) tons/hayear and 6.82%, 

respectively. About 63.9 % of algal oil obtained from the consortium could be converted into biodiesel 

(Chinnasamy et al., 2010). There was a rapid decrease in the levels of metals, nitrates and phosphates 

after exposing the wastewater to microalgal treatment for short cultivation periods (Wang et al., 2010). 

This clearly shows that microalgae are efficient at removing metals and nutrients from the wastewater 

to meet the stringent requirements according international standards. Domestic wastewater streams 

have been frequently used as a readily available and cost-effective substrate for microalgal growth for 

biomass production and nutrient removal (Moreno-Garrido, 2008; Wang et al., 2010; Kong et al., 

2010). 

 

In this context, this study investigated the nutrient removal from domestic wastewater by using two 

different algal cultures, Chlorella vulgaris and a mixed algal culture in semi-continuous reactors with 

different solid retention times.  

 

MATERIALS AND METHODS  

 

Culture Types and Cultivation 

 

Two types of cultures were used in the experiments. The axenic Chlorella vulgaris culture was 

obtained from Culture Collection of Algae and Protozoa (Sams Research Services Ltd, CCAP No: 

211/11B) and the mixed algal culture was collected from Ara­ Creek in the vicinity of Karab¿k 

University Campus, Karab¿k. Both of the cultures have been cultivated with enhanced boldôs basal 

medium (3N-BBM+V). The content of the medium is as follows (g/L); NaNO3: 0.75, CaCl2.2H2O: 

0.025, MgSO4.7H2O:  0.075, K2HPO4.3H2O: 0.075, KH2PO4: 0.175, NaCl: 0.025, Na2EDTA: 4.5 x10
-

3
,, FeCl3.6H2O: 5.84x10

-4
, MnCl2.4H2O: 2.46x10

-4
, ZnCl2: 3x10

-5
, CoCl2.6H2O: 1.2x10

-5
, 

Na2MoO4.2H2O: 2.4x10
-5
, Vitamin B1: 1.2 x10

-3
,  Vitamin B12: 1 x10

-5
.  
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Wastewater Used 

 

The domestic waste water collected from the supernatant effluent of the primary settling tanks at 

Ankara Tatlar municipal wastewater treatment plant was used in the experiments. The characterization 

of the waste water is depicted in Table 6. 

 

Table 6: Characteristics of the domestic wastewater used in the experiments 
 

Parameter Value 

Optical Density @ 685 nm 0,09 Ñ 0 

TS (mg/L) 413 Ñ 17 

VS (mg/L) 269 Ñ 17 

TS (%VS) 65 

Chlorophyll-a (mg/L) N.D. 

pH 7,95 

tCOD (mg/L) 254 Ñ 2,5 

sCOD (mg/L) 78,5 Ñ 0,3 

TN (mg/L) 42,1 Ñ 2,1 

TKN (mgL) 42 Ñ 5,9 

Organic-N (mgL) 11,5 

TAN (mgL) 30,5 Ñ 1,2 

NO3-N (mgL) < 1 

NO2-N (mg/L) < 0,01 

O.PO4-P (mg/L) 4,9 Ñ 0,3 

 

Semi-continuous Reactors  

 

Six 1-L gas wash bottles were used as reactors. Reactors labeled with X were inoculated with axenic 

Chlorella vulgaris while reactors labeled with Y were inoculated with mixed culture collected from 

Ara­ Creek.  The reactors coded with 1, 2 and 3 were run at 2days, 4 days and 8 days solids retention 

times (SRT), respectively (Table 5). The reactors were operated at (30Ñ1)ęC with 120 ɛmol m
-2
 s

-1
 

continuous illumination using T8 fluorescent tubes (OSRAM L18/840). In 24 hour cycles a 

predetermined volume of the mixed liquor from reactors were withdrawn and same volume of 

domestic wastewater stored at 0
o
C was added to the reactors. All the analytical analyses were 

conducted on the mixed liquor withdrawn from the reactors.  For example, for the reactors with 4 days 

of SRT, the daily replaced volume was 250 ml. The pH value of each reactor was adjusted to 6 with 5 

N H2SO4 daily, after the reactors were feed with domestic wastewater. Mixing and aeration were 

accomplished by pumping ambient air at 0.5 vvm with the help of an air pump (Resun, Model No: 

AC-9602).   

 

Table 7: Reactor Configurations 
 

Reactor  SRT (day) Culture Type Used 

X1 2 days C. vulgaris 
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X2 4 days C. vulgaris 

X3 8 days C. vulgaris 

Y1 2 days Mixed culture 

Y2 4 days Mixed culture 

Y3 8 days Mixed culture 

 
Analytical Methods 

 

TS, VS, TKN and chlorophyll a analyses were performed according to Standard Methods 

(2005). Optical density was measured with a spectrophotometer at 685 nm (Hach, Model No: 

DR2800). Total COD , soluble COD (Lovibond GmbH, Catalog No: 2 42 07 20/2 42 07 21), 

total nitrogen (Lovibond GmbH, Catalog No:  53 55 50) , total ammonia nitrogen (Lovibond 

GmbH, Catalog No:  53 56 00/53 56 50), nitrate (Lovibond GmbH, Catalog No:  53 55 80), 

nitrite (Lovibond GmbH, Catalog No:  51 23 10), and ortho-phosphorus (Lovibond GmbH, 

Catalog No: 53 52 00) analysis were done with commercial test kits. 
 

RESULTS AND DISCUSSION 

 

Three semi-continuous reactors at SRT of 2, 4 and 8 days were operated for both cultures as seen 

inTable 5. However, the reactors with 8 days of SRT (X3 and Y3) failed to reach steady state 

conditions. The Initial chlorophyll a content for X3 and Y3 were reduced from 22.24 mg/l to 0.52 mg/l 

and 18.42 mg/l to 0.39 mg/l, respectively. The reduction in chlorophyll a concentration was also 

visually observed with the color change in these reactors. The 8 days of SRT was not appropriate for 

algae to grow in the tested domestic wastewater. Therefore, reactors X3 and Y3 were terminated and 

their results are not presented or discussed here. 

 

During the semi-continuous runs on the treatment of domestic wastewater, the pH, optical density 

(OD) at 685 nm, total solids, volatile solids, total nitrogen, total ammonia nitrogen, orthophosphate 

and COD parameters were monitored periodically.  The pH parameter was observed to maintain the 

cultures at an optimum pH for growth.  As the pH was adjusted 6 with 5N H2SO4 after addition of the 

domestic wastewater to the reactors, the pH in the mixed liquor was observed in the range of 8 to 11 in 

the following day. The pH of the reactors can be seen in  

Figure 24.a through Figure 27.a.  

 

OD at 685nm was used to quantify the algal biomass concentration in the reactors.  Total Solids and 

Volatile Solids and Chlorophyll a concentrations are also other methods used for monitoring the algal 

biomass in the reactors.  Measurement of optical density is a relatively quick and easy method 

compared to other analytical methods.  The trends in optical density and total solids was very similar 

in all the 4 reactors as it can be seen in a  

Figure 24.b. and  

Figure 24.c. through Figure 27.b and Figure 27.c., respectively.  Steady algal biomass is one of the 

indicators of steady state conditions in the reactors.   

 

In reactor X1, the initial OD at 685nm was around 0.95. It increased to a range of 1.2-1.6 in X1 and 

then decreased to 0.35 on Day 7 (Figure 1.b). This abrupt decrease is thought to be due to the low SRT 

applied to the reactors. To achieve SRT of 2 days, 50% of the mixed liquor in the reactor was replaced 

with domestic waste water daily.  However, OD values recovered gradually afterwards and reached to 

0.99 on Day 11. This indicated the growth of the C. vulgaris culture in the reactor. This is supported 

by the total solids concentration shown in Figure 1.c.  It indicated a similar trend with respect to OD. 

That is a decreasing trend in Total Solids (TS) was observed beyond Day 2. Yet, it recovered after four 

days and stabilized in a range of (950-1100) mg/l. The Volatile Solids (VS) concentration beyond the 
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first week of operation where the culture was adopted to operating conditions was in the range of 

(500-660) mg/l (Figure 1.c).  

 

A sharp increase followed by a decrease in OD after around a week of operation was also observed in 

X2. However, the extent of the decrease was not as sharp as X1. This is probably due to the higher 

SRT (4 days) applied to the reactor (Figure 2.b). Beyond this period, the OD values varied between 

0.9-12. The TS and VS data was mostly stable (Figure 2.c) indicating steady-state operation. The VS 

concentration ranged between 500-650 mg/l beyond 10 days of operation. When the VS concentration 

data in both reactors are compared, it will be seen that they are very similar. This is an important 

finding since one of the objectives of this study is to subject the produced algal biomass to further 

processing for biofuel production.  

 

In a reactor Y1, the OD trend was similar to reactor X1.  The initial OD of reactor Y1 was 0.95. It 

increased to around 1.8 initially and after a decrease to around 1.3 it was stable at 1.5-16 during Days 

6-10. However, it was then decreased sharply and reduced to 0.75 on Day 15. This period was 

followed with a gradual increase until Day 20. Then, it ranged between 1.1-1.3 until the end of the 

experiments. Similar to Reactor X1, the low SRT led to an initial reduction in the algal biomass, then 

the mixed cultures was adopted to operating conditions and the OD concentration was stabilized. This 

is an indication of steady growth of the mixed algal cultures (Figure 3.b). This trend was slightly 

observed in the solids data (Figure 3.c). 

 

In reactor Y2 a sharp increase followed by a slight decrease in OD, where it was stable for about 10 

days (Days 4-13). This period corresponded to OD level of around 2.2 which was significantly higher 

than that of Reactor Y1. Then, a gradual decrease pattern was observed between Days 15-26 at the end 

of which the OD dropped to 0.01 level which indicated the wash-out of the culture from the reactor 

(Figure 4.b). The solids data revealed steady operation until Day 26 from which the solids in the 

reactor promptly decreased (Figure 4.c). These observations indicated the unsuitability the 4-days SRT 

level for the continuous growth of the mixed algal cultures studied. 

 

Another indicator which provides quantitative information on the algal biomass is chlorophyll a 

concentration of the mixed liquor.  In reactor X1, high chlorophyll a contents of 24-33 mg/l were 

observed. Moreover, the ratio of (O.D. 664)/(O.D.665) which indicates healthy algal growth between 

the values of 1.0-1.7 (Standard Methods, 2005) , were determined as 1.61-1.68 for X1.  In reactor X2, 

chlorophyll a contents of (28-44) mg/l were observed.  The ratio of (O.D. 664)/(O.D.665) were 

determined as 1.51-1.60 for X2 indicating healthy algal growth in reactor X2.  In reactor Y1, the 

observed chlorophyll a contents were in the range of (28-29) mg/l.   The ratio of (O.D. 664)/(O.D.665) 

were in the range of 1.61-1.69 indicating healthy algal growth in this reactor.   

 

Nutrient Removal 

 

When the TN and TAN values are considered in reactor X1 (Figure 1.d-e), it will be seen that very 

high removal efficiencies were achieved. Namely, (81-90)% for TN and (83-91)% for TAN were 

obtained. As seen from Figure 1.f, a relatively high performance was observed for phosphorus 

removal (68-83) %.  

 

In reactor X2, the TN and TAN removal rate was significantly higher (Figure 2.d-e). Namely, (93-98) 

% for TN and (98-100) % for TAN (beyond the first week of operation) were obtained. Similarly, a 

relatively high (85-99) % performance was observed for phosphorus removal as well (Figure 2.f). 

Based on these figures, it can be stated that SRT of 4 days resulted in superior performance with 

respect to nutrient removal for C. vulgaris cultures. 

 

In mixed culture with 2 days of SRT (Y1), TN and TAN removal rates were slightly better than the C. 

vulgaris cultures.  Namely, (88-97) % for TN and (88-100) % for TAN were obtained (Figure 3.d-e).  

A high removal performance was also observed for phosphorus removal (90-98) % beyond Day 20 as 

it can be seen from Figure 3.f. 
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In reactor Y2 high nutrient removal performance was observed until Day 25 (Figure 4.d, e, f).  

However, since the algal biomass was washed out in this reactor, the nutrient removal efficiencies are 

not further discussed here.   

 

The Chemical Oxygen Demand (COD) removal performance of algal cultures was low as expected 

(Figure 1.g through Figure 4.g). Since the reactors were operated with continuous light source, the 

aerobic respiration of algal biomass was minimal.  The governing activity of algal biomass was 

synthesis of carbohydrates by converting light energy and atmostpheric CO2 into chemical energy, i.e. 

photosynthesis.  

 
Figure 24. Mixed liquor characteristics of reactor X1, a) pH; b) Optical Density at 685nm;  

c) Total Solids and Volatile Solids Concentration; d) Total Nitrogen Concentration and Total 

Nitrogen Removal Percentage; e) Total Ammonia Nitrogen Concentration and Total Ammonia 

Nitrogen Removal Percentage; f) Orthophosphate  Concentration and Orthophosphate  Removal 

Percentage; g) COD Concentration and COD Removal Percentage 
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Figure 25. Mixed liquor characteristics of reactor X2, a) pH; b) Optical Density at 685nm;  

c) Total Solids and Volatile Solids Concentration; d) Total Nitrogen Concentration and Total 

Nitrogen Removal Percentage; e) Total Ammonia Nitrogen Concentration and Total Ammonia 

Nitrogen Removal Percentage; f) Orthophosphate  Concentration and Orthophosphate  Removal 

Percentage; g) COD Concentration and COD Removal Percentage 

 

 

 

 

 

 

 

 

 


