UNIVERSITY OF NOVI SAD
TECHNICAL FACULTY ,MIHAILO PUPIN*
ZRENJANIN, REPUBLIC OF SERBIA

with partners

Politehnica University, Timisoara, Romania
Obuda University, Hungary

Mogilev State University of Food Technologies,
Belarus

\ “conference /

4" TNTERNATIONAL CONFERENCE

"ECOLOGY OF URBAN
AREAS 2014’

Zrenjanin, october 9-10, 2014.



VI nternational Conference AECOQQOBher@Fl4, URrpaAlN SeREAS 201 40

UNIVERSITY OF NOVI SAD
FACULTY OF TECHNICAL SCIENCESOo MI HAJLO PUPI N
ZRENJANIN, REPUBLIC OF SERBIA
with partners
POLITECHNICA UNIVERSITY, TIMISOARA, ROMANIA
OBUDA UNIVERSITY, HUNGARY
MOGILEV STATE UNIVERSITY OF FOOD TECHNOLOGIES,
BELARUS

|V International Conference
AECOLOGY OF URBAN ARE AS 2014

PROCEEDINGS

Zrenjanin,
9-10th October 2014

1



I'V I nternational Conference AEIOHOQ®ERY203ZrebjRiBetblh AREAS 201 ¢

Organizer:
Uni versity of Novi Sad, Facul ty o ReplbkeoftSerliac a | Science

Partners:

Politechnica University, Timisoara, Romania

Obuda University, Hungary

Mogilev State Universitpf Food Technologies, Belarus

Publisher:
University of Novi Sad, Faculty of Technical Sciences
Djure Djakovica bb, ZrenjanirRepublic of Serbia

For publisher:

Mi |l an Pavlovil, Ph.D, Full ProfessoM|ih®pha Btipthé Fac

Reviewers: )

Ph. D Milan Pavlovil, Faculty of Techni RapublicotEi ences AN
Serbia

Ph.D Vjekoslav Sajfert, Faculty of TechRepobclof Sci ences
Serbia

Ph. D Dugko Let[i, Faculty of Techni caRep&liciofeSarisiee s fi Mi h a

Ph.D Nina napil, Faculty of Techni cal RepublicefBecbeas f Mi haj

Ph. D VIadimir GiniSk,i emaxewsl thiyi difaj T ec lPruipKeplublicofUni ver si t
Serbia

Technical preparation and design: ) o
Kazi Zoltan, Zlatibor ,VeUra& olvddaaqv aAd ,e k@lainwerra TRhanornvd i |

Cover design: i
Stanislava SinlLel il

Printed by:
Printing office Dginet, Zrenjanin, Republic of Serbia

Circulation: 100

The Conference is supported by tMaistry of Education, Science and Technological Development of Republic

of Serbia; Ministry of Energy, Development and Environmemnatl Protection; ProvBmiaktariat for Science

and Technological Development; Provincial Secretariat for Protection of Environment and Sustainable
Development.

ISBN 978:86-7672237-2
CPisOlOdscdLOyd © £ fksddsoyd: d
IdedzdlsjCO [Odyj MefmSj, 1Bod uOH

502.22:711.4(082)

INTERNATIONAL Confere nce A Ecol ogy o004 Q0M; rZterganin)A r

Proceedingg 1V InternationalConf er ence fAEcol og4
Zrenjanin, 9-10" October 20%; [organi zer] Faculty d
Pupi no, wdth partreraPoliteshnica University, Timisoara, Romania [et
al].7ZrenjaninnFacul ty of Techni cal?2013¢ 1etektronsks
optil Kk i d FROMN) : (elk3tDslikal2cm

Nasl. sa naslovnog ekrandlirag  110Bibliografija uz svakrad.i Registar.

ISBN 97886-7672237-2

l.Faculty of Technical Sciences f@Miha
(Zrenjanin).

a)u eB Odz0 | 9 tBdstedzl Y@

COBISS.SRID 290142983




I'V I nternational Conference AEIOHOQ®ERY203ZrebjRiBetblh AREAS 201 ¢

International Scientific Committee

Ph.D loana lonel Politehnica University of Timisoaromania

Ph. D Mi | andeaRd Facuttyvof Technical SciencdsNhajloPupi n o, Uni versity
Sad, Republic of Serbia

Ph. D Mirjana Vo | prafessorieferitii Faculty afdTechnical Sciences, University
of Novi Sad, Republic of Serbia

Ph.D Milan Kljajin , J. J. Strossmayer University of Osjek, Faculty of Mechanical Engineering in
Slavonski Brod, Croatia

Ph. D Pat lObudd UnivevsByHungary

Ph. D Mi | aracullypad Méchanical Engineering and Naval Architecture, Univerdity o
Zagreb, Croatia

Ph. D Al ek s anFhailty of Mechamival Engineering in Belgrade, University of Belgrade,
Republic of Serbia

Ph. D L 6u b,daculty of Beclmgical Engineeringratislava, Slovak Republic
Ph.D Alexandr Mirontchik , Mogilev Stae University of Food Technologies, Belarus
Ph.D Apostolos Malamakis Aristotle University, Thessaloniki, Greece

Ph. D Mi o dr, lasgtuteZod Teghhidal Sciences of the Serbian Academy of Sciences and Arts,
Republic of Serbia

Ph.D Dorin Lelea, Politemica University of Timisoara, Romania

Ph. D Du g aPoliteRmca Wniversity of Timisoara, Romania

Ph.D Caner Zanbak Vice-president of B.E.N.A., Turkey

Ph.D Sadhan K GhoshCentre for Quality Management System, Jadavpur University, India
Ph.D Roberto Ragg Universita Degli Studi Di Padova, Italy

Ph. D Ki ri,lSs.Qyiil @and|Metbodius University in Skopje, Faculty of Technology and
Metallurgyi Skopje, Macedonia

Ph. D | v,dnitemity of Mbntenegro, Faculty of electrical engineeriigntenegro

Ph. D St o jUaiversity bf ast SarajevooBnia and Hercegovina

Ph.D Borut Koseg University of Ljubljana, Faculty of Natural Sciences and Engineering, Slovenia
Ph. D Mir os | aFacul§ of Mecbapieahengineering, UniversityBsfigrade

Ph. D Mi rj an alnstButecfigr Zetrmlogy lof Nuclear and other Mineral Raw Materials,
Belgrade, Republic of Serbia

Ph.D Vladimir Brenner, AECOM CZ, Czech Republic

Ph.D Biserka Dimiskovska Ss. Cyril and Methodius University in Skopjestitute for Earthquake
Engineering and Engineering Seismology, Macedonia

Ph. D Gel j ko, Ficaltymbf @echneldgy and Metalurgy, University of Belgrade, Republic
of Serbia

Ph. D SIobod,anFaJcaunIktoyvidf Techni cal Sciences fAMi he
Republic of Serbia

Ph.D Slavko Arsovskj Faculty of Mechanical Engineering in Kragujevac, University of Kragujevac,
Republic of Serbia

Ph.D Vjekoslav Sajfert, Faculty of Technical Si ences #@AMi hajl o Pupino, un
Republic of Serbia

Ph.D VI ast, mlec WNarkiodall Engineering Facul ty, Uni v
Ph.D LjiljanmacGilvtkyvofi Occupational Saifaet y, Uni v
Ph.D Nenad Giackobvil of Occupational Safety, Uni ve




I'V I nternational Conference AEIOHOQ®ERY203ZrebjRiBetblh AREAS 201 ¢

Organizing Committee

Ph. D Mi | anpresidentd aocviilit y of Techni calUniSesityoihNow s f Mi h
Sad, Republic of Serbia

Ph.D Vjekoslav Sajfert, Faculty of Technical Sciencds Mi h a j | oUnivensity iofrNovj Sad,
Republic of Serbia
Ph. D Du g, Fazultyoé Techhical SciencésMi h aj | d&niversitg of Navi,Sad, Republic
of Serbia
Ph.D Fransisc PopescuPolitehnica Uniersity of Timisoara, Romania
Ph. D VI adi Faculty ofGlieahnickl Sciences Mi h aj | oUniRrsity iolmMoyi Sad,
Republic of Serbia
Ph. D Ni nRacultyofTechnical SciencésMi h aj | dJniversity of Navi,Sad, Republic
of Serbia
Ph. D afanRlig, Facul ty of Techni cal, UBSwrisity ofcNog Sad,Mi h a|j |
Republic of Serbia
Ph.D Zoltan Kazi, Faculty of Technical Sciencé&sMi h a j | dJniveraitp of Navi,Sad, Republic
of Serbia
Zl ati bor , WS, IFaclkity of iTdchnical SciencésMi h aj | dJniversity bf INovi Sad,
Republic of Serbia
Al eksandarMSEemouity of Techni calUni®msiyefiNoveSad, i Mi h a |
Republic of Serbia
Mar ko 9V.SmiFhculty of Technical Sciense fi Mi h a j,|UniverBity pfi Now Sad,
Republic of Serbia
Olivera ,MSuRaovulity of Techni cal Unersiteol NogiSadii Mi h a j
Republic of Serbia

Una SEaclblty of Techni cal Urersite of dlavisSadi Republecjoffi o P u
Serbia




I'V I nternational Conference AEIOHOQ®ERY203ZrebjRiBetblh AREAS 201 ¢

INTRODUCTION

University of No VI Sad, Techni c ain pdrteeshipl ity A Mi h
Politechnica University from Timisoara in Romania, Obuda University from HurgadyMogilev

State University of Food Technologies from Belarusas organized thdourth International
Conferenceof Ecology of Urban Areas 2@1(URBANECO 20#). This partnership significaly

improves the quality of conference organization and work, as well as contributimea of regional
cooperation with other universities and scientific institutions.

The objectives of the Conference URBANECO 2@ite: presentation of current knowledge and the
exchange of experiences from the field of sustainable development of uelaanadnich 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 20MWhich 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 professidnal
scientific wor k at University of Novi Sad and
cooperation with institutions and encouraging young researchers within this field. Taking into account

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

Banat region, Vojvodina and Serbia. Organization of URBANECO! 234University of Novi Sad,
Technical faculty HAMiIi haj |l o Pupi-edacatibnal institutbomasnj ani |
one of themajor representatives of economic and social development in Banat.

Within this Collection of papers are presented all accepted papers received fotednational
Confeence Ecology of Urban Areas 20I¢he papers are divided into following sessions:qhiality,
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 barurareas, Electro and eleetmagnetic
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 ares, 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 protecticand Trander stations in the system of
management of solid communal waste.

We would like to express our gratitude to thnistry of Education, Science and Technological
Development of Republic of Serbia; Ministry of Energy, Development and Environmemnatl
Protecion; 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 theeivglbf future
generations.

President of the Organizing Comte#
Ph.DMi | an Pavl ovi
Zrenjanin, October 2Q1
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ABSTRACT

The present paper presents the analyses of two different aerosol pollution episodes over Timisoara, Romania.
For this work,ground based sun photometer data were used during 2011 and 2012. By analyzing aerosol optical

depth (AOD), ingstr°m parameter, single scattering
determined. The analysis reveals a relatively high aveegrosol optical depth at 440 nm (AQE associated

with a | ow/ high ingstr°m parameter (0). A high AOD
represents an atmosphere with dust, and if uwsl.5 the

and biomass dispersion was investigated by using NOOA HYSPLIT model (Hybrid S¥agliele Lagrangian
Integrated Trajectory). Global Fire Maps from MODIS (Moderate Resolution Imaging Spectroradiometer) were
used to identify biomass burning sites.

Keywordssaer osol , aerosol optical depth, .jngstr°m par amet

INTRODUCTION

Desert dust aerosols are tiny soil particles suspended in the atmosphere which are carried by air
masses. Desert dust aerosol have a significant ingpalocal and global climate, regional air quality,
visibility, cloud processes, human health (Mahowalda et al., 2013). Also, desert or mineral dusts have
a key role in the atmospheric radiation budget thought scattering of the solar radiation (Alizaldeh e
2014; Calinoiu et al., 2013).

Biomass burning aerosol (BB) of two major chemical components: black carbon, leading to absorption
of solar radiation, and organic carbon, resulting in scattering solar radiatienv.ipcc.ch. BB
aerosols are producof natural fires (burning of forest and vegetation) and humexduced burning,

such as agricultural waste, coal, wood, dung, etc. Biomass burning aerosol have a significant impact
on local and global climate, regional air quality, visibility, cloud psses, human health (Gustafsson

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

Consequently it is absolutely necessary to monitor aerosols, by diverse possibilities and techniques,
and at different levels, not only at soil. The mentioned global effects strdagbnd on the physical

and optical properties of aerosol particles. Several studies about accuracy of aerosol optical properties
from sun and sky radiance measurements were conducted by Dubovik (Dubovik et al., 2000a;
Dubovik et al., 2000b; Dubovik et a2002; Dubovik et al., 2006.

Therefore, aerosol measurements on global scale are essential. This is achieved for example at ground
- based by automatic sun and sky scanning spectral radiometer, by means afabed sun
photometer. These instruments have the advantage that thalyl@t® monitored continuous aerosol

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

The aim of this paper is to investigate the optical and physical properties of the dust and biomass
burning aerosol based tile AERONET sun photometer data/observations in the Timisoara city from
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Romania. The city is located in the Western part of Romania and it is situated on the southeastern edge
of the Pannonia plain, Timi soaram (45A46" N, 21A2

A sun photometer is an optical instrument for the measurement of the spectral solar radiation. The
range of wavelength for instrument is between 0.34. 6 5 e m. The sun photomet e
basic measurements, either direct sun (nine spectraisb 340, 380, 440, 500, 670, 870, 940, 1020

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

The aerosol optical depth is generated applying the Besmnbert- Bouger law to irradiance data and
by removing thecontribution due to Rayleigh scattering and absorption of atmospheric gases.
ingstr°m parameter was cal-8@hmated in the spectr a

RESULTS AND DISCUSSIONS

Figure 1 illustrates the frequency440danks80nmbut i on
during the observation period. AOD frequency shows an obvious peak, with values between 0.2 and
0. 4, accounting 45 % of tot al di stribution. For

two peaks, with values between 124 and X4 - 1.6 representing around 30 %.
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Figure 1. Frequency distribution of daily AQpand jngstr°m parameter for
Timisoara

The type of aerosol particles was determined by
single scatterig albedo, volume size distribution and real part of refractive index. We specified the
bi omass burning event by considerable daily inc
Figure 2).
Based on the sun photometer data, the increase of the aerosall dgpth (larger than 0.6) while the
water column content was | ow, the high values o
scattering albedo decreasing with wavelength are usually characterized the aerosol resulted from
biomass burning. Ak, i n case of dust event 6 patahateiskh@D val ue

14
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Figure 2. Correlation between AQRBa nd j ngst r ° m Bamma fordifferent aerdsol 4 4 0
types over Timisoara during 2011 and 2012

In Table 1 are presented several pollution episodes with desert dust and biomass burning aerosol. In
the table N is the number of recording respectively average values for AOD mrgl s tpar&meter
during 2011- 2012 from the measurements achieved af tiresoara station.

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

chi Date Aerosol Type N | AODy4 | Angstrom parameter
1 26 April 2011 Desert dust 15 0.58 0.43
2 27 May 2011 Biomass burning| 31 0.32 1.52
3 28 May 2011 Biomass burning| 18 0.68 1.42
4 5 September 2011 | Desert dust 29 0.50 0.75
5 18 September 2011| Biomass burning| 10 1.02 1.81
6 17 November 2011 | Biomass burning| 22 0.92 1.43
7 3 June 2012 Desert dust 14 0.56 0.55
8 10 June 2012 Desert dust 21 0.31 0.58
9 23 august 2012 Biomass burning| 54 0.52 1.42
10 | 26 August 2012 Biomass burning| 23 0.76 1.67
11 | 19 November 2012 | Desert dust 21 0.42 0.82
April 26 and September 5, 2011 produced high values of AQD.58 on April 26 and 0.55 on
September 5) . They were considered to be deser
parameter (U = 0.43 and U = 0.75, respectively)

single scattering albedo increasiwith wavelength (SSf, = 0.92 to SSAy0= 0.96 and SSg =

0.91 to SSAw = 0.97, respectively). The imaginary part of the refractive index was found in the
range 0.003 N 0.001. Similar optical pma@dzrti es
indicate their desert origin as well. In order to explain the data, backward trajectories were analyzed
using HYSPLIT model. Air masses trajectories were found to be oriented from northern Africa
towards the South of Europe.
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In 26 august 2012wasnal yzed, when the average AOD is 0.76
(U > 1.6). The single scattering albedo value

refractive index was found in the r amgnelatdn. 5N0. 0
mo d e . From correlation between jngstr 380pnmar amet e

and AOD at 440 nm for Timisoara, is was conclude that the atmosphere is loaded with particles from
the biomass burning. Correlation between HYBPmodel and MODIS show that the air masses
trajectories are passing over the biomass burning sites and then towards Timisoara. The same pattern
was found for other cases of pollution with biomass burning aerosol.

CONCLUSIONS

The aerosol properties i nclpardmetergingke scatering dlbedo,pt i c al
volume size distribution and real part of refractive index were analyzed for Timisoara station by using

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

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

with biomass burning. Generally the pollution with aerosol pollution has a negative effect on solar
irradiance, regarding the energy losses.
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ABSTRACT

Dust pollution of snow cover of an urban area is studied and the assessment of biotoxicity of tests of the snow
which have been selected in industrial, intedh, park zones and at highways is given.

Keywords: Snow, dust pollutiorhiotoxicity,infusoria.

INTRODUCTION

In recent years, much attention is paid to issues of air pollution. Shows the quantitative relationship
between the concentrations of various pollutants in the atmospheric air and the population health
indicators (Kuramshina et al., 2013pnow cover is tb convenient indicator of pollution of
atmospheric air, it as the natural store registers the valid size of losses of polluting substances during a
cold season. As is known, the pollution of snow cover occurs in wet and dry loss of pollutants from
the atmaephere.For regional and global pollution fraction of dry deposition is usualkdd%, but

close to local sources with large emissions of the coarse aerosols fraction part of dry emissions may
reach 7680% (Vasilenko et al. 1985). The analysis of literatdata shows that the usual information
about the content of chemical substances in snow cover is clearly insufficient to assess the degree of
toxicity and hazards to the environment, because in the combined effects of chemicals toxic effects
may increase In this connection, very informative methods are biological testing by sensitive
organisms to evaluate the toxicity of waseduble substances present in the snow.

The present work is devoted to the study of dust pollution of the snow cover, Ufasmsdraent of
biotoxicity of snow samples taken in the industrial, residential and green areas, at highways with
heavy traffic, as well as with the background territories remote from urban areas iA/\Gesidrn
direction, opposite to the prevailing winds.

MATERIAL AND METHODS

Samples of snow were collected in industrial and Park zones in the forest and at highways with heavy
traffic. As a control used samples of snow background of the region, remote from Ufa at a
considerable distance, where there ardogal sources of pollutianSamples of snow were taken in

the spring before the melting of the pits prepared for all thickness of the snow cover. Thus recorded
the size of the pit (length, width, depth), date of selection and duration of accumulatiowafcser.

The time period of accumulation of atmospheric deposition was calculated from the date of stable
snow cover up to the time of sampling. Samples of snow had thawed at room temperature, filtered for
separation of solids deposition. After dryingdde weighed. Mass of sediment was determined by the
total mass of dust falling on a unit area per unit time. The calculation was carried out according to the
following formula:m = my/ S Ahere m is the mass of dust falling on a unit area per unit time
(kg/kn?A d a y<) massnof dust deposited snow, kg: Srea of the pit, kfa t is the time interval
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between the date of stable snow cover and sampling of snow day (Vasilenko et al., 1985, Kuramshina
et al., 2000).

Toxicological estimation of snow watermsples obtained during thawing of snow samples were
performed by the method of biotesting with the use of daily culture of infusoria of Stylonychia
according to Fomin et al., 1992, Kuramshina N.G. et al., 2000. Assessment of the degree of toxicity
were perbrmed in the automatic mode using avtomehanizaciya with biodetection, engine positioning,
computer and software complex analysis of toxicity (VNIRO, LLP "Biotest"). Biotoxicity test water
was estimated by the change of the survival of the ciliates on uepos the test water. Criterion
toxicity was reduced survival of the ciliates 50% or more in the analyzed water in comparison with the
control.

RESULTS AND DISCUSSION

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

the large number of emission sources and complex spatial distribution of pollutants in urban
conditions. Practically the only reliable source of data on the extent of urban pollution of the
atmosphere is the study of pollution of terow cover. The results of the study of the spatial
distribution of dust pollution in the urban area in 2012 presented in table 1. For comparative analysis
attracted our results obtained previously in 1995 (Kuramshina et al., 2000).

Table 1: Dust pollutia of the snow cover, Ufa

The mass of The area of Duration of | Dust load,
dust mg the pit, nf snegostaday | kg/knfA d a y
Place of sampling 1995 | 2012 | 1995 | 2012 | 1995 | 2012 | 1995 | 2012
Industrial zone
Khimprom 831,3 33,7 0,17 0,04 137 133 35,7 7,0
North area 199,0 123,3 | 0,27 0,35 134 135 55 2,6
Residential area
Mr. Inors 4951 82,1 0,12 0,07 134 131 30,9 8,6
Mr. Sipaylovo 152,9 165,3 0,12 0,04 127 135 10,0 30,6

Mr. Green grove 122,1 121,0 | 0,06 0,04 122 134 16,7 22,4
Mr. Nizhegorodka 462,5 27,1 0,12 0,12 121 134 31,9 1,7

Mr. Dema 107,3 110,2 | 0,085 | 0,14 125 136 10,1 58
City parks, suburban forests

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

Park Kalinina 3444 304,5 | 0,12 0,07 127 131 | 22,6 | 32,7

Park Yakutova 293,3 168,0 | 0,077 | 0,04 122 130 | 31,1 | 323

Lenin Park 57 1418 | 0,12 0,07 130 132 | 0,40 | 154

North water diversion 153,3 79,2 0,06 0,04 134 133 | 19,1 | 149
R. of Sutolka (forest) | 333,9 91,2 0,06 0,04 122 130 | 458 | 175

Park Demsky 4194 [1976 [012 |010 |125 [132 |279 | 147
Bridge UfaDema 251,0 130,3 | 0,12 0,05 125 142 | 16,7 | 18,3
Road
Ufa-Zaton 2428 |1330 [ 024 |008 |130 [131 |78 | 127
Ufa - Dema 1006 [1184 | 020 [007 [125 139 |40 | 122
Ufa-Kandry 1894 [201,0 | 007 [005 [125 138 |216 | 291
Background territory
Podymalovovilage | 966 [786 [014 |010 |128 [134 |54 [ 59
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The results presented in table 1, indicate that in the period2@E5 the level of dust load in most
functional areas, Ufa declined significantly. However, it is not typical for transport zone and for some
parts of theresidential and green areas. The variations in the values of absolute and relative dust load
in different functional zones of the city territory is presented in table 2.

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

Functional area Dust load
Absolute, kg/kmA d a y Relative
Industrial 2,61 7,0 0,41 1,2
Residential 1,77 30,6 1,01 5,2
Park 8,21 32,7 1,47V 55
Transport 12,21 29,1 2,171 4,9
Background 5,9 1,0

From the results shown in Table 2 suggbstt most of the urban territory observed exceeding the
background level of dust pollution. The maximum values of the characteristic of the residential and
park areas adjacent to industrial sites and urban thoroughfares. In assessthgstiatscided to
allocate four levels of contamination: 10w100-250; mediuni 250-450; highi 450-850; very high

more than 850 kg/kfday. Studied urban area can be attributed to slightly polluted because the
maximum level of dust load (32.7 kg/kfnd ay ) s i gverithbni trata(10Q Kg/MA d oy ) .

The results of the study of biotoxicity of snow samples taken in the spring of various functional zones,
Ufa, presented in table 3.

Table 3: Biotoxicity samples of snow cover territory, Ufa

Place of sampling | Survival ofthe ciliates, %|  Indextoxicity (0-1)
Industrial zone
Khimprom 31 0,69
North area 33 0,67
Residential area
mr. Inors 39 0,61
mr. Sipaylovo 37 0,63
mr. Green grove 61 0,39
mr. Nizhegorodka 64 0,36
mr. Dema 67 0,33
City parks, suburban forests
ParkGafuri 60 0,40
Park Kalinina 70 0,30
Park Yakutova 62 0,38
Lenin Park 65 0,35
North water diversion 66 0,34
R. of Sutolka (forest) 50 0,50
Park Demsky 68 0,32
Bridge Ufai Dema (forest) 53 0,47
Road
Ufai Zaton 57 0,43
Ufai Dema 59 0,41
Ufai Kandry 61 0,39
Background territory
Podymalovovillage \ 80 \ 0,20
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From the results presented in table 3, it follows that higher values of the index of toxicity characteristic
samples snow water industrial zones (@), two districts in the zone ifluence of industrial Northern
part of the city (0,6D,63), and the territory adjacent to roads with heavy traffic{,&3).

The degree of toxicity of dust pollution snow is different. At similar dust load characteristic for a residential
areaadjacent to industrial sites (8.6 and 30.6 kg/#ay.) and parkland (8.2 and 32.7 kgfiday)biotoxicity
test snow water of habitable zone (60683) significantly exceeds that of the park area {0.30).

CONCLUSION

Studies suggest regular biotegtiof snow cover the urban area for assessing toxic pollution in winter
period, the method of biotesting has advantages in comparison with a veigotisweming, complex
geochemical measurements and allows in the integral form to evaluate the toxio#tyeofigisions.
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ABSTRACT

Carrying outenvironmental monitoring allowed to define structure of atmospheric and soil pollution of regions
of Belarus. The hygienic assessment of degree of danger of pollution of free air and the soil of the cities is given.
Sources of emissions of polluting chesigcare defined.
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INTRODUCTION

As a result of the emissions which are carried out by the enterprises of the industry, a reactive wastage
of the main production, household garbagedbmposition of city free air which is one of factors of
habitat of the person, capable to have negative impact on a population state of health significantly
changes. In it the percent of the maintenance of a dust considerably increases, there are "trace
guantities" substances, unrepeatative for environment.

FINDINGS AND DISCUSSION

Carrying out environmental monitoring allowed to find existence of atmospheric pollution of
oxidizing type which are formed as a result of a chemical combination of jetdaydoms with
nitrogen oxides under the influence of a sunlight. For example, in Vitebsk four areas on ecological
trouble are allocated, in two of which the large production enterprises are concentrated. On value of a
cooperative index the most pollutedthre city is the area of the railway station where level of air
pollution by the majority of controlled substances is-2&imes higher, than in other territory. On

this site average annual concentration of oxides of nitrogen and a dust mafesnaxinum
concentration limits, formaldehyde of 3,3 maximum concentration limits [1].

The hygienic assessment of degree of danger of pollution of free air is defined by the cooperative
index ZA (index of pollution of the atmosphere) considering frequency rfagxaess of maximum
concentration limit, a class of danger of substance, quantity collateral present pollutants in the
atmosphere. As the most significant substances nitrogen dioxide, white damp, suspended matters,
phenol and formaldehyde are emitted. Emalysis IZA loudspeakers for the lasty&ars in Minsk

allows to determine particular consistent pattern. For example, the most adverse IZA was-in 1980
1985 (3,4 5,5points) that can be explained with a high level of industrial production. The mdriod
recession of industrial production is characterized also by lower IZA- @points). Since 1997

lifting of an index to 4,4oints and is observed above that is allegedly caused by sharp body height of
vehicle fleet. Free air of. Minsk it is chatadzed by the high content of the formaldehyde which
concentration at the level of maximum concentration limit is noted only in 1987. In other years level
of formaldehyde is at the level of 1;3,3 maximum concentration limits. The content of dioxide of
nitrogen, white damp, suspended matters and phenol was at the level -d, 7 1lmaximum
concentration limits.
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The soil cover in an urban environment is one of the main components of the environment, carrying
out a number of very important functions wiiset causes the main social function of city soils
comfort of accommodation of the person. Thus it is necessary to recognize that the soil cover of the
city is the screen of absorption and accumulation of the toxic substances which are besiegiirg from a
getting to it with a solid industrial and household waste. In the soil environment toxic substances
partially decay and lose the activity, other part, interacting with each other and with a soil absorbing
complex, increases reactivity, increasing thddity. Technogenic pollution of soils peculiar and not
always coincides with pollution of other environments. Soils are an intermediate in pollution of the
adjacent environments which are first of all surface and underground water, vegetation and free ai

According to the conducted researches]2the economic complex of Mogi is the main factor of
negative impact on environment since technogenic pollution of soils throughsagmissions of the
production enterprises and vehicles is prevailihg hoted that the structure and intensity of pollution

of soils of the city not always correlates with sources existing now and levels of emissions of
pollutants in the atmosphere. The maintenance of pollutants iri seflection of the anthropogenous
influence long and changing in time. For example, till 1997 pollution of soils went mainly due to
specific emissions of the enterprises (a methanol, a carbon disulfide, a hydrogen sulfide, etc.) . In bulk
volume of emissions of 2832% 10-15% i the pover system enterprises, 259% i transport
(without individual vehicles) fell to the share of the production enterprises. Now the total level of
pollution is formed generally at the expense of the traditional pollutants which are thrown out by
motor tranport and combined heat and power plant. For example, in 2004 with emissions from
stationary sources among which JSC Mogilevkhimvolokno, RUP "Mogilevliftmash", UERP "#ogil
Automobile Plant tothem S.M. Kirova", JSC Mogilev repair plart, in the atmospher entered
10,427t of the heavymetals (HM).

Geochemical researches testify to the composite ecological condition of a soil cover @M
structure of pollutants is multidimensional and caused more by specifics of an economic complex.
Data procesng of the geochemical analysis with creation of statistical surfaces on a kmgitngpd

for concentration of separate metals and fow@s carried out in the environment of GIS by means of
expressly developed complex of programs so that classificdtiextent of pollution corresponded to
provisions. All zonal statisticians given below have estimating character and are received by results of
the analysis of statistical surfaces together with the card of use of territories from the Master plan of
Mogilev (tabe 1) [5].

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

Square of the
The functional zone The area Zn | Cd | Pb | Mn | Cu |polluted lands|
hectare %
Public and housing multiroom estate 1543,8 | 8,8 |21,6/ 82| 0,2 | 0,8 31,7
gggsmg farmstead development of 2360.3 | 16,6/ 22.0l 70| 02| 0.7 321
Housing farmstead development of r 350,1 ) i i ) i )
type
Prpdyctlon and municipal and wareho 23007 | 6971171 17| - 209
building
The_ planted trees andhrubs publi 13004 |12,2|283| 86| - | 03 391
territories
The plgnted trees and shrubs territorig 3866 | 75| 46| 42| - i 13.8
a special purpose
Inundated territories 5319 [34,4/36,8| 8,7 | - - 53,0
Turnpike and main streets and roads 667,0 |10,8/184| 74| 0,1 | 0,6 29,7
Public railroad 2984 | 3,4 |57|175/ 19| 0,1 25,3
Engineering constructions 12,0 |40,5/40,0|12,3| - - 54,9
Farmlands 2602,3 1 04| 0,12 0,2 - - 0,6
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Forest area 11488 | 5,4 | 2,3 12,5| - - 18,1
Open landscape 988,2 | 62| 7,6 |10,2| - - 20,4
Other 152,5 - - 125,3] - - 25,3
In total 14661,1| 7,3 |10,6/ 6,3 | 0,3 | 0,2 19,3

The most priority amonglM is cadmium which aigas emissions are bound to work of power system
and motor transport [6]. The average content of an element isdiig of the soil at minimunaalue
0,02 and maximail 1,8. Differentiation of a soil cover of the territory of the city on pollution by this
metal looks as follows:

e 19,7% of the territory where the content of cadmium does not exceed two background values,
are not polluted (the eartt agricultural residential suburbs);

e 69,7% of the territory where the content of cadmium in them comes nearer to the parameter of
maximum loads, are admissible is polluted (mainly territories of the production and municipal
and warehouse building, and aldensely populated zones of multiroom building with a heavy
bodied transport network);

e 10,6% of the territory where the maintenance of a pollutant is in maximum concentration limit
limits, are extremely dangerously polluted (the downtown and the floodfl&e Dnepr River
a zone of accumulation @d which is washed away from the territory of a reservoir of a river
basin).

Accumulation of Zn in the soil is bound to work of motor transport, objects of power system and
metallurgy [6]. Average content i soils makes 49,ehg/kg of the soil at minimum value 6,2 and
maximal i 512,0. Differentiation of the territory of the city on extent of pollution by Zn of is as
follows: 53,2% of the area it is not polluted (generally farmlands of adjacent territodiés housing
farmstead estate); about 40% of the territory of the city have admissible extent of pollution and
represents a reserve of the next pollution of lands since the content of Zn in them comes nearer to the
maximum concentration limits parametethe( earth of zones of city buildings, thoroughfares and
floodplains of the city rivers); 7,3% of lands are extremely dangerously polluted (a flood plain of the
Dnepr River).

Accumulation of lead in soils is bound to pollutions of products of combustidnehf especially
when using motor transport on ethylated autogasoline [6]. Average content it in soils makes
15,4mg/kg of the soil with fluctuations from 1,8 to 227,3. Differentiation of a soil cover on degree to
pollution is noted:
e 87% of the territorywhere the content of lead does not exceed two hum noises, are not polluted
or poorly polluted;
e 6,7% of the territory where the maintenance of a pollutant is ranging from two hum noises to
maximum concentration limit, are admissible is polluted,;
e 6,3% of theterritory are extremely dangerously polluted (it is noted in territories of all
functional zones, it is more in a flood plain of the Dnepr River, along transport highways,
especially in righbank and central part of the city).

Intensity of pollution isexpressed by manganese much more weakly in comparison with other
pollyutant. The average contents it in the selected soil tests makesr8#Rglof the soil at minimum

value 20,5 and maximdl 3170,0. 80,4% of the territory of the city the maintenanchlmfhas less

than two background values, 19,3% of two values of a hum noise up to the size maximum
concentration limit that is defined as admissible level. Polluted Mn of the soil (the contents is higher
than maximum concentration limit) are noted on tleaaf 0,3% (the territory of steel works).

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

engineering, power industry of [6] and other productions. The average level of the contents it in soils
of the city makes 6,4 mg/kg at minimum 1,3 and maximal 54,3. 91,2% of the area of soils have the
content of nickel which is not exceeding two background sizes; 8,8% at level from two background
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sizes to maximum concentration limit (knot of the enterprises of JSC "&toBlectromechanical
Plant", RPUP "Mogiv plant "Strommashina", Elektrodvigatel plant, JSC "Volt").

Accumulation of copper in the soil is caused bygais emissions in the atmosphere in metallurgical
production and mechanical engineering [6]. The avenagi@atenance of this pollutant in the selected
soil tests makes 10mg/kg at minimum 2,6 and maximal 53,8. Differentiation of a soil cover
according to the content of copper looks as follows: 98,1% of &afle contents no more than two
background valug 1,7%i from two background values to maximum concentration limit, 0,2% at the
level of maximum concentration limit (RPUP "Magil plant "Strommashina", Elektrodvigatel plant,
JSC "Mogikv Steel Works").

By researches it is established that chrome isractor of pollution of a soil cover of studied objects:
the contents it in the selected soil tests does not exceed background values.

The index of a total score of pollution of a soil cover is one of very important indicator indexes of
safety of condions of accommodation of the person in the occupied place. It generalizes actions of all
complex of pollutants on an ecological condition of a soil cover and gives an assessment of extent of
their pollution. It is established that in the territory of Megithe area of the polluted soils makes
22,8%, level of their pollution is insignificant:.Z 1,8 that allows [8] to consider on the basis of
existing standards a soil cover of the city insignificantly polluted.

CONCLUSIONS

Therefore, regulation obody height of the cities, towplanning actions, carrying out of "dirty"
productions from the large centers, the corresponding changes of technological processes and
inventory, improvement of cleaning of a wastage of productions, improvement of treédikis

at the enterprises, development of wdste productions the major solutions about improvement of
quality of life in the large city.
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ABSTRACT

This paper in a technical review of the fuel changes and technology options for existing coal fired power plants
from Romania in response to new requirements in the amount of pollutants air emissions. Industrial Emissions
Directive (Directive 2010/75/EU)ims to improve air quality in European countries and protection against
health risks due to air quality. Additionally it aims to reduce the amount of acid, eutrophication and formation of
ground level ozone to record a fall in concentration of pollutanthsas sulfur dioxide, nitrogen oxides and
particles in the air. To comply with these regulatory requirements, it is important to implement Best Available
Techniques(BAT) NOx control technologies on coal fired boilers. The popular primary control teégds@lbg

large combustion plants in the EU are lNOx burners and ovédire air. The secondary NOx technologies
applied on EU coafired boilers are reburning, selective ngatalytic reduction (SNCR), and selective catalytic
reduction (SCR).

Key words: nitrogen oxides, urea, selective noatalytic reduction, selective catalytic reduction, lignite fired
boilers.

INTRODUCTION

Over 35% [2] of the delivered power in Romania comes from the 20 GW of installed coal, natural gas
and heavy oil power plantds a Member State of the EU Romania agree at the Spring session of the
European Council on 9 March 2007 to reduce until 2020 the emissions of greenhouse gases 20%
compared to the levels of 1990 [3].

During the combustion of fossil fuels NOx is produdedhe form of NO 95% and NO2 5%. But
nitric oxide with oxygen from the air and under the influence of ultraviolet rays becomes a very toxic
gas NO2 to humans and the environment.

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

Primary control technologies

The primary control technologies as the name says reduce the amount of NOx in the primary
combustion zone, and the secondary technologies reduce the NOX in the flue gasoawdyef
combustion zone. Also a secondary technology to reduce NOX such as reburning uses a second stage
of combustion.

The most popular primary control technologies are-l@x burners (LNB) and overfire air (OFA).
Based on the capacity of the unit, fushd reducing requirements to achieve good performances from
primary control technologies we can use one o both of these.

A LNB limits the NOx values by controlling the stoichiometric and temperature in the combustion
process. This LNB are designed tgukate the aerodynamic distribution and mixing of the fuel and
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air, so modifying the operating conditions: reduces the availability of oxygen in primary flame zone,
reduce the flame temperature and residence time of peak flame temperature [3]. InstaXistiran
coakired power plants modern ataged LNB can achieve NOX reductions up to 50%. LNB flames

are longer compared to regular burners. In case of rehabilitated boilers the flames can reach the
furnace walls, this may require LNB adjustments thgmodifying the capacity of NOX reduction.

5
Swirling flow Gradual mixing of
E partlally burned products and
secondary air
Fuel and \
rimary air S
P ”QWJ——”—”—”—- / g
Fuel-rich axial flame core
Combustion product
recirculation zone

Figure 1. LowNOX burner

Retrofitting of a boiler by adding OFA involves modification boiler walls and water tubes to create the
necessary space for installing air nozzles andatidition of ducts, dampers and the wind box. The
operating principle of this system is based on a lack of oxygen in the primary combustion zone and an
excess of oxygen in the secondary combustion zone to ensure completutuBased on this
principle he amount of oxygen in the combustion zone is reduced-8@%0 Normally 1530% of the
combustion air needed for the btout is deviated and introduced through these air ports positioned
above the primary combustion zone.

To comply with existing and fute Nox regulations required by law at the level of 200 mg / m3N (in
reference to 6 % 0O2) in the output flue gases, primary measures described above are not sufficient.
Intervention is required such as secondary measures.

Secondary control technologies

The most popular secondary control technologies are reburning, SCR and SNCR. Reburning method is
based on the introduction of fuel above the main combustion zone thereby creatingch fzehe. In

this area hydrocarbon fragments react with NOX to fogurdigen cyanide (HCN), isocyanic acid
(HNCO), isocyanate (NCO), and other nitrogemtaining species [5]. These compounds of hydrogen

are finally reduced to N2. To complete burnout of reburning fuel, air is introduced above the injecting
area. Retrofittig of a boiler by adding fuel reburning is very important to know the fuel available, a
balancing of capital versus operating costs, and boiler specifications. It is a very expensive method, in
many plants in which these reburning technologies have begtiadsit does not work due to high

costs of operation.

The first power plant that used reburning technology is abettom, wall fired 300MW Ladyzhin
unit in Ukraine [5]. In general a NGR technology can achieve up to 60 % NOx reduction.
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Figure 2. Boiler with reburning

Another method of reducing NOx is SCR, this is a oshbustion method. The operating principle

of this installation is to introduce in flue gas path a reducing agent derivative of NH3, and then the flue
gas in the presence of a catalyst form N2 and water. Depending on the location of the catalyst we order
3 installations:

e DeNOXY Dust r e mo x. aHe catalysDig [BaGed before electrostatic precipitator
and desulphurization installation. The advantégehat the flue gases are at the desired
temperature but has the disadvantage that the gases are not dedusted and desulfurized, which
can be a disadvantage for the catalyst.

e Dust removalyY YDeD®DO datalyst is placed after dedusting. Has the
advantage that the gas stream is filtered but has the disadvantage that the flue gas must be
reheated

e Dust removxalY YDeINeOSXO The catalyst was placed
gas cleaning. Flue gas reheating is required. The advantagesiaced exposure to abrasives
and smaller dimensions catalyst.

Di fferent types of catalysts are used depending
uses titanium oxi de, for temperatures beeot we e n :
zeolite and for temperatures bet ween 100 and 2

combined with inert material. Installed on existing efir@d power plants SCR can achieve NOX
reductions up to 90%. One of the main disadvantages is Hue gpeded for the installation of
facilities necessary for the functioning SCR. In the existing plants is almost impossible to find a
section on the flue gas channel where the catalyst can be installed.
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Figure 3. Boilerwith SCR installation

Forty years after Lyondés pat e rdtalyic NO reductiongoN2he cor
by ammonia (SNCR, excess air conditions, 850 to
in its use as a low cost and effective control téghie. The main advantage of SNCR to SCR
installations is that these systems do not require a catalyst.

SNCR reaction for urea and ammonia(NH3) are:

(NH2)2CO+2NO+1/ 202 Y 2H20+CO2+2N2 1)
2NH3+NO+1/202Y2N2+3H20 )

If the temperatwg in the area where is injected the reducing agent and reaction time are not appropriate
nonreacted ammonia may pass through the stack. This amount -oéacted ammonia is known as

ANH3 sl ipo. Hi gh concentrat i onaeundsénd fdrkh&mnohiump c an
sulfates and bisulfates can cause plugging. Fly ash from a boiler with high NH3 slip is odorous and his
marketability is reduced. Installed on existing efii@d power plants SNCR can achieve NOX
reductions ranged from 160%.

Raagent Inlection

Rengant matoring
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Lrea or ammenin

storage tank Ecanomtzer —
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T L=
\/ Alr prehwater |
Main fuel and
primary alr T Flus gas fo
Sacondary air

Figure 4. Boiler with SNCR installation
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MATERIAL AND METHODS
The power plant studied

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

e Two hot water boilers of 100 Gcal / h (116.3 MWt) powered byl eval natural gas
called CAF, CAF 2

e Three steam boilers of 100 t / h, 15 bar, 25«
CAE2, CAE3

e A steam turbine type R 19774 / 0.3 to 1.2 bar backpressure and 19.7 MWe

e Three tubular heat exchangers for istheating capacity of 50 Gcal / h (58.15 MWHt)

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

Currently, slag and ash deposit of power plant SUD Timisoara is the only one in Romania as
Environmeral requirements. It is located 1.5 km southwest of the village Utvin. Steam boilers of 100
t/h were originally intended for industrial use. These consumers have disappeared and 19.7 MW steam
turbine is a very recent investment (commissioning in 2007kjngat possible to ensure urban heat
cogeneration.
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Figure 5. Power plant SUD therrmechanical simplified scheme
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Table 1: Fuel properties in Romania [7]

Properties Lignite Coal Heavy oil | Imported coal

Heating value Hikj/kg] 7.397 15.330 39.500 27.026
Carbon C [kg/kg] 0,230 0,388 0,845 0,671
Hidrogen H [ka/kg] 0,019 0,030 0,094 0,0417
Fly ash [kag/kg] 0,211 0,370 0,003 0,1871
Water [kg/kg] 0,423 0,108 0,009 0,042
Nitrogen [kg/kg] 0,010 0,008 0,003 0,007
Sulfur [kg/kg] 0,007 0,014 0,033 0,0175
Oxygen [kg/kg] 0,100 0,082 0,013 0,033

The reducing agent will be conveyed via circulation pipeline from the storage tank to the Mixing and
Metering Module. The Module contains all necessary measuring equipment and valves for the
injection of the reducing agent. The injection is situated in the combustion chamber at a temperature
between 90G 1, 000 AC. The PLC f or pledis aagoitral gabisen The cont r
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 thegfiseconditions [2]. Each injection lance is
equipped with one or more nozzles to ensure an equal distribution of the diluted reducing agent in the
flue gas. Because of the easy handling, mostly compressed air instead of steam is being used for
atomizing.

=

Figure 6. SNCR installation in Power plant SUD

Figures 3 and 4 represent the flow of the injection, generated at different |d¥efending on the
temperature, the reducing agent will be injected in one of the injdetiets. The injection takes place

at the | evel of the opti mal temperature range o0
lances depends on the dimensions of the furnace cross section, the required NOx reduction and the
operating conditions. fie 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
guantity and direction of these nozzles are designed according theoimjgeibmetry. The media
(air/reducing agenwvater 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 havdoprecalculated in order to follow the changing operating
conditions as closely as possible.
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Figure 7. Injection Level 1 (Power plant CET Figure 8 Injection Level 2 (Power plant CET
Timisoara Sud)7] Timisoara Sud)7]

Thereducing agent proposed is NOXAMID45 with the following characteristics [7]:
e Chemical characterization: 45 weighit urea solution with additive

Density: 1.126 kg/m3,

pH: app. 9,

Boiling temperature: 1061 1 0 AcC,
Crystallization point: + 11 AcC,

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),

e Consumption estimate of reducing agent fne: 69 kg/h maxim.

Ecological aspects

After burning coal the quantity of nitrogen oxides, are 95% is the form of NO and 5% NOZ2. But
nitrogen monoxide in the presence of oxygen from air and under the influence of ultraviolet rays
becomes nitrogedioxide 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 atean gas
stack outlet (referred to 6 % O2) as maximum daily average of 200 mg / m3N, at 100 t/h boiler load.
The NHS3 slip in dry clean gas at stack outlet (referred to 6 % 0O2) is presumed, according our
calculations, by a daily average maxim at 100 t/h badlad lof 20 mg / m3N.
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RESULTS AND DISCUSSION

With measurements made 2010 before upgrading the NOX level exceeds the concentration required
200 mg/Nm3. There were instantaneous measurements of NOX 604 mg/Nm3.

Table 2: Emissions from Power plant SiWH2010

SO2 NOXx Particles
Chi Emissions 2010 Emissions 2010 Emissions 2010
N Concentration Amount| Concentrationl Amount | Concentration Amount
(mg/mdy) (tons) | (mg/my) (tone) | (mg/my) (tone)
IMA 6 3444 1116 468 152 55 18
IMA 7 3436 1305 426 162 203 77

As a result of EU accession negotiations (Brussels, 31 March 2005) were imposed these quantities of
pollutants for Power plant SUD:

Table 3: Quantities of pollutants allowed in Power plant SUD

_ 2013
Chimney Pollutant 2010 2011 2012 2016
SO2 (tons) 648 648 648 131
IMA 6 NOx (tons) 128 128 83 83
Particles 29 29 22 29
(tons)
SO2 (tons) 4116 823 823 823
IMA 7 NOy (tons) 531 531 531 344
Particles 90 90 90 90
(tons)

To achieve this environment conditions will require using primarysaoedndary control technologies

to reduce NOX. As a primary control technology we recommend OFA and for secondary control
technology we recommend SNCR. Measures proposed are BAT techniques as follonBRBFA

May 2005, section 3.4.1.2 SNEBREF, 2005, 8ction 3.4.2.2.

From the secondary air flow of the pulverized coal burners we will make a bypass by which the warm
air will be fed with a set of ports positioned in the furnace walls in a section above the coal burners.
Air by burners will be reduced tolavel close to the stoichiometric. This will generate in the primary
combustion zone a lower temperature level, which limits the rate of formation of NOX. Additional air
is introduced through the ports; excess of oxygen in the secondary combustion kosesuve
complete burrout. For this reason, the location of the ports is at a considerable distance from the top
level of burners in the direction of the flue flow gas without exceeding the the distance limit to which
air can participate in the combustiprocess.

The reducing agent is sprayed as an aqueous solution in a section upstream of the optimal zone, but in
the immediate vicinity. As the load variation of the boiler system lead to changes in the temperature of
the flue gas, the optimum injectioore "slip" at the top of the furnace. In these circumstances it is
possible that the injection not be optimal over the entire heat load of the boiler. In order to avoid such
a situation, the injection of the reducing agent is through a system of injptaced in the two
sections. Depending on the thermal load the boiler would be operated fuel injectors located in the
optimum temperature.

The OAP aims to reduce NOX emissions from 540 mg / m3N at 400 mg / m3N. SNCR further will
ensure reduction to 200 mgn3N. Together will yield a reduction of more than 50%.
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We monitored NOX in the flue load operation before retrofitting and after. Monitoring was done
within 24 hours in 18.01.2013. In the first chart we can see the NOX level measured without SNCR
installation.

Average amounts of NOx measured at the stack were 589.32 mg/m3N.
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Figure 9. NOX measured at the stack (Power plant CET Timisoara SUD)

In the second chart one can see the NOx measured with OAP installation with boilers at full capacity.
Average amounts of NOx measured at the stack was in one day 348.07 mg/ m3N. Also it is notable
that OAP results register a removal rate around 40%.
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Figure 10. NOX measured at the stack with OAP (Power plant CET Timisoara SUD)

As we can see the primameasures are not enough. Given the low level of NOX concentration
required 200 mg/ m3N (in reference to 6 % O2) by law in the output flue gases, the proposed SNCR
system guarantees a NOX concentration below the limit imposed. In the next chart we ta see
NOXx level reached with the SNCR installation and the NOx level required.
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Figure 10. NOX measured at the stack with OAP and SNCR (Power plant CET Timisoara SUD)

Average amounts of NOx measured at the stack was in one day 156.6 mg/m3N. Thé namoia
nitrogen oxides contained in the flue gas is around 70%.

CONCLUSION

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

For solid fuel fired boilers without Ilge variations of load and a stable fuel quality, the SNCR
technique is regarded as BAT to reduce NOx emissions as follows: ®RER May 2005,
paragraph 3.4.2.2.[3] and OFBREF May 2005, section 3.4.1.2

This research proved that engineers make efforts to optimize the SNCR system with other
technologies for controlling NOX and other air pollutants and that this is possible.

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

We monitored NOX in the flue load operation before retrofitting and after. Monitoring was done
within 24 hours and the average amounts of NOx measured at the stack89.32 mg/m3N.

After retrofitting the average amounts of NOx concentrations measured at the stack was in one day
156.6 mg/m3N. The removal rate of nitrogen oxides contained in the flue gas is around 70%.

After installation of dense slurry and déshwrization with this investment, Power plant CET
Timisoara SUD will be the first power plant from Romania that meets all environmental conditions
assumed in the EU accession.
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ABSTRACT

Ligustrum lucidum, Fam: Oleaceae and Leandro plant, Nevium Oleander, Fam: Apocynaceae were collected
from urban area of Durres city, Albania witlifferent anthropogenic impact in the city. The tree leaves were
sampled during the March 2013. 42 samples of leaves of four tree species were collected at 20 sampling sites
among main streets of Durres city and a composite sample was prepared for tymearaleach tree sample.
Concentrations of trace metals in leaves samples were analysed by furnace AAS. CVAAS was used for the
determination of Hg. The trace metal contents were expressed as arithmetic means and standard deviation. The
analytical data wee subject to statistical analysis. Statistical analysis of the data was carried out using EXCEL
and MINITAB15 Package Programgfter statistical treatment of the data itiste:
A the tendency for distribution of the elements listed in an ascending of@acumulation factor. For
each elements the list is: Hg<Pb<Cu<Zn<Mn. Here we can distinguish more clearly the changes in
concentration of different elements in various monitoring points.
A the area is mainly polluted by Pb, Mn, that represent a high actation factors and high values of

the coefficient of variances.
Pearson Correlation analysis (p<0.05) was carried out on the data set of heavy metals to describe their
behavior and the association. Weak correlatioh<(R45, p<0.05) were found between-Rn, ZnCu and Mn
Cu in leaves samples. Multivariate analysis (Cluster Analysis and Factor Analysis) were caried out to detect the
groups of samples with similar patterns of element concentrations and the number of the groups and most
important factors weraliscussed. Based on the similarity of the distribution of the elements at each sampling
site, two main groups of elements are extracted. The data were also processed with factor analysis (FA) in order
to identify the main source categories of the analysamples regarding the site contamination and elements
distribution. Two main factors were identified that cause the differences in the distribution of trace metals under
investigation: the species of the plants and samples position.

Keywords: Vasular plants, Ligustrum lucidumFam: Oleaceae and Leandro plant, Nevium Oleander, Fam:
Apocynaceae, urban environment, air pollution.

INTRODUCTION

Air pollution is an environmental problem, which is caused by domestic heating and all the human
activities. InDurres city the heavy traffic is a factor that affects more in the level of pollution,
especially during the summer tourist season. Automobile transport also affects in the spread of dust
and increased concentration of different pollutants such as heataysnmto the air, coming mostly

from traffic emissions. A major impact on pollution of these area has had and continues to have the
Chemical Company in Porto Romano area, which was closed in 1990. Until it is closed it has
produced Sodium Dichromate fteather processing as well as pesticides Lindane and Tiram. Based

on the environmental report great contamination are in Currila and in Zhiron areas. Certainly, within
residential areas, also affect the combustion of any organic substance of them (asigodubyber,
plastics..), as well as vapors of some production processes within urban areas, which contain gases
and harmful substances. Based on the degree of exposure of the pollution that is most close to polluted
areas, ages and their physiologicahaition bring an increase to the symptoms to effects of pollution

on their health. So most exposed are the people that live near at dense traffic or at the crossroads,
especially the people with health problems.
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The aim of this study is to investigateetlevel of metal contaminants (Cu, Mn, Pb, Zn and kig

vascular plants in Durres area. We used many species of vascular plants to accumulate heavy metals.
Thus, the concentration of these elements in vascular plants, collected from polluted areas is
significantly higher, than the concentration of these elements collected from areas that are away from
crossroads or dense traffic. The response of vascular plants depends on the species and the type of
pollution. There are differences among species regardtpterance to heavy metals, but there also

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

MATERIAL AND METHODS
Sampling

Samples were taken during the last 10 days of March 2013, at 30 stations in Durres city, at about one
week after rainy days. The monitoring stations are distributed along main streets of the city. A
composite sample was prepared for the analyses of eaxlsdmple. Types of vascular plants that

were used for monitoring most commonly argigustrum lucidum, Fam: Oleaceand Leandro,
Nevium Oleander, Fam: Apocynaceae plants.

.l
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Figure 1. Map of Durres city, where are taken the sampias€ular plant. Monitoring
stations

The leaves of Ligustraligustrum, Lucidum (St. 1,2,5,9,10,13,16,17,18,20,21,22,25,38,40,41),
Ligustrum Sinense (St. 19,29,30,31,32,33,35,39) and Leandro. Nevrum Oleander (St. 7,27,28,42) tree

species were collected most sampling sites. The species different from this one are shown in Table
1

Table 1 Monitoring stations in Durres city and species of vascular plant

St

ati St.|] St| St| St St. St.| St.| St | St St.
on| St.3| St.4| St. 6 St.8| 11| 12| 14| 15| 23 24| 26| 34| 36 St. 37| 43

Evo La

Va | Hyp | Pyro ny | Pit ur
cu | apha| chan Magio | Qu| Spi| mu | osp| Cat Pitt | Pitt | us Pitt
lar e| tha| lige, | la,Mag| erc| rea s | ora| alpa osp| osp| N osp
pl | Tha| Coc| Que| nolia| us| Va| Jap| To| Big| Vib | ora| ora| ob| Magnol| ora
an| mna| cine| rcus| Grand| lle | nhu| oni| bir | non|uznu| To| To| ili | i,Grand| To
t | iotes a| llex | eflona| x| ntei| cus a | iade| msp| bira| bira| s| eflona| bira
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Preliminary treatment of samples

After the transportation of leaves sample in laboratory, leaves samples were dried at ambient air on
sheets paper until a constant weight was reached. Then the dried leaves samgiemageaized to

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

Dried plant samples &ve digested with nitric acidilgra pure, 65% and deionized water (99 : 1) in
Teflon tubes. The experimentsties are cleaned with dilute nitric acid and are washed with distilled
water. Elements standard solutions used for calibration curves were prepared by dilutior of bas
standard liquids of 1000 mg./

Digesting sample technique was conducted in Tefloegubith sempressure system. 0.5g of dry
leaves of each sample were digested with 10 mL of nitric ldbi@3 (9:1). Teflon tubes closed and

then were left at room temperature for 48 h, diggested for 3 hours at 8D 0CASubsequently, the
tenperature was n ¢ r e a s eCdor 1 hwur to Pe@lifeAhe full digestion. After cooling, the Teflon
tubes were opened and left for evaporation of nitric acid to small volumes. Samples were then diluted
with deionized water to a total volume of 50 mL. Vascular plagests were analysed for Cu, Mn and

Zn using AAS Atomic Absorption Spectrophotometry usingaaietylene flame. Determination of Pb
metal was made using AAS with electteermal atomiser with graphite furnace. Mercury Hg was
analysed using an Absorptioledniques with cold vapor QV-AAS). This method is specific for
mercury, since it is only metal that has high vapor pressure at ordinary temperature. If we keep
inorganic mercury in water solution can be easily reduced with SnCI2 to metallic mercurydmihe

Hg” Hg?+sn?Y Hegsn*

Calibration method

Linear calibration method that find the link between the analytical signal and the measured analyse
concentration were used for obtaining the calibration curves of each element. Blardnsoigach

element was used. Heavy metal concentration in samples were calculated based on their analytical
signal (value of absorbance and the relevant equations of calibration curves. The signals of standard
solution of Mn and Hg are shown in Fig. 2.

38



I'V I nternational Conference AEIOHOQ®ERY203ZrebjRiBetblh AREAS 201 ¢

Ha
REFLICATE i HAHUAL
COHCENTRATIOH BC 0N
26.8  {

AIR-ACETTLENE

SIGHAL GRAPHICS

i - - - — = =
6 .f TIHE (sec?

DISPLAY TIHE B, @ 7O 2606 B'GHD HO  HELGHT
RBS SCALE 8.8 T0 8. .18 DUERLAY HI 1R
TIME COHSTAHT {(sec) Lot 1 T
SOLUT IO CLER I M :
T F GRAFPH URSOR

Figure 2. The signals of standard solution of Mn and Hg
RESULT AND DISCUSSION

In order to perform rapid and preliminary screening of element concentrations found in vascular plants
samples in thalifferent sites, a descriptive statistical analysis was carried out on the data sets as
reported in charts below. The trace metal contents were expressed as arithmetic means and standard
deviation. The analytical data were subject to statistical analysifistical analysis of the data was

carried out using EXCEL and MINITARS5 Package Programis table2 we note the tendency for
distribution of the elements listed in an ascending order of accumulation factor. For each elements the
list is: Hg<Pb<Cu<Zn¥In. Here we can distinguish more clearly the changes in concentration of
different elements in various monitoring points. Also we note that the area is mainly polluted by Pb,
Mn, who not only represent a high accumulation factors, but also their intérehbnge for each

element is relatively high.

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

Parameters Hg Pb Zn Mn Cu
mean 0.29 1.75 | 39.22 68.56 8.95
median 0.23 1.42 | 39.61 46.08 9.30
Range ofl 0.070.73 0.30 | 11.37 14.71 2.33
concentration

maximum 0.73 5,79 |94.12 219.61 18.60

In table 3 we note that Mn has the highest values of max/min report. This fact means that the high
level of pollution affected by anthropogenic origin pollution. Fordpld Zn elements, high values
come also by anthropogenic origin pollution, especially from traffic emissions.

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

Parameters Hg Pb Zn Mn Cu
Mean/Med 0.96 1.23 1.49 6.77 0.99
Max/Min 8.00 19.60 14.93 824.17 8.28

Therefore to distinguish natural or anthropogenic origin of elements analysed in leaves samples was
carried correlation analysis and analysis of elements upg{&€luster Analysis) elements.

Correlation analysis (p<0.05) waarded out on the data set of heavy metals to describe their behavior
and the association.
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In Table4 we note a weak correlation 180.45, p<0.05) were found between-Hh, Zn-Cu and Mn

Cu in leaves samples. This speaks to their same origin may be ofuBtgarticles that come from

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

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

Pb 0.292
0.058
Zn 0.302 0.191
0.049 0.220
Mn 0.364 0.427 0.150
0.017 0.004 0.338
Hg -0.011 -0.003 0.022 - 0.068

0.943 0.987 0.890 0.663
Cell Contents: Pearson correlation
P- Value

Multivariate analysis (Cluster Angdis, CA) were to detect the groups of samples with similar patterns
of element concentrations and the number of the groups and most important factors were discussed
(tableb).

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

Euclidean Dist ance, Complete Linkage
Amalgamation Step
Final Partition
Number of clusters: 6
Average Maximum
Within distance distance
Number of cluster sum  from  from
observations of squares centroid centroid

Clusterl 6 2187.78 18.1760 25.2145

Cluster2 3 294.10 9.8487 11.1338

Cluster3 22 6685.73 16.3452 33.5839

Cluster4 3 675.69 13.4 682 19.6086
Cluster5 7  3285.40 20.2338 34.4749

Cluster6 2 259.32 11.3869 11.3869

Dendrogram
Complete Linkage, Euclidean Distance

0.004

33.33

66.67 4 _| !
100.00- —— 1
SPRPPD Vo) 2Py © APy VPPN F DAL R XHY Dy IR Pesie>
Observations

Similarity

Figure 3. The dendrogram of the distribution of the stations
classified on their esimilarity
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Cluster 1: In this group we have these statidn22, 30, 21, 18, 3%here prevails Ligustrum plant,
fam: Lucidum Ligusta which has very good accumulation abilities for heavy metals

Cluster 2: In this group we have the statioRs25, 36where prevaild.igustrum plant, fam: Lucidum
Ligusta which has very good accumulation abilities for heavy metals

Cluster 3: In this group we have these statiéh3, 38, 37, 6, 7, 10, 11, 8, 26, 27, 12, 13, 34, 28, 14,
20, 16, 41, 19, 43, 4Zhese are located in theajor crossroads where traffic is dense.

Cluster 4: In this group we have these statighsl5, 17 These are located near the beach. This fact
has a high impact in values.

Cluster 5: In this group we have these statidins31, 9, 29, 33, 24, 4 thevalues of these stations
affect has the location near the sea, also the type of plant.

Cluster 6: In this group we have these stati@®#5 35where prevails Ligustrum Sinensis plant. In the
values of these stations affect has traffic emission.

The data wee also processed with factor analysis (FA) in order to identify the main source categories
of the analyzed samples regarding site contamination and elements distribution.

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

Rot ated Factor Loadings and Communalities (Varimax Rotation)
Variable Factorl Factor2 Factor3 Factor4d Factor5 Communality

Cu 0.149 -0.126 0.004 0.966 -0.169 1.000

Pb 0.085 - 0.967 -0.002 0.126 - 0.206 1.0 00
Zn 0.985 -0.081 -0.012 0.141 -0.054 1.000

Mn 0.058 -0.210 0.037 0.172 - 0.960 1.000

Hg 0.012 -0.002 -0.999 -0.004 0.033 1.000

Variance 1.0036 1.0011 1.0003 0.9983 0.996 6 5.0000

Loading Plot of Cu, ..., Hg

Second Factor

0.0 0.2 0.4 0.6 0.8 1.0
First Factor

Figure 4. The diagrams of scree plot and loading
plot of factor analysis

Two main factors were identified effecting differences in trace metals distribution: the species of the
plants and samples position.

Factor 1: This factor is mainly loaded bhjgh positive value of ZnThis factor is related with car
emission due to dense traffic.

Factor 2: This factor is mainly effected by high negative loading of Pb. This factor is related with car
emission due to dense traffic

Factor 2 This factor is mmly effected by high negative loading of Hg. This factor is also related with
car emission due to dense traffitegative values of this element are related with this factor that affect
the reduction of this element in plane presence of Hg in thisaup make us to think that the
pollution caused by anthropogenic origiollution, especially from traffic emissions.
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CONCLUSION

Symptoms caused by pollutants like heavy metals should be studied in different species, sensitive to
that pollutant so theipresence in different areas should be controlled. Durres city has a high level of
pollution, especially in main roads or in the crossroads. We have to considerate that the concentration
of the heavy met al we dondt tu &se through thie rdotg. THish e a b
fact make us difficult to distinguish when the concentration comes from the accumulation by the
ground or from the air. From this study we note the tendency for distribution of the elements listed in
an ascending order o€eumulation factor. For each elements the list is: Hg<Pb<Cu<Zn<Mn. Here we
can distinguish more clearly the changes in concentration of different elements in various monitoring
points. Also we note that area is mainly polluted by Pb, Mn, who not onlysesyireigh accumulation
factors, but also their interval of change for each element is relatively high. For Pb and Zn elements,
high values come also by anthropogenic origin pollution, especially from traffic emissions. Weak
correlation (R<0.45, p<0.05) we found between PlIn, Zn-Cu and MRCu in leaves samples. This
speaks to their same origin may be of fine dust particles that come from road traffic. As for the
correlation of Mn with Mg, we can say that the deals comes from dust deposited on plargsofType
vascular plants that were used for monitoring most commonhaestrum lucidum, Fam: Oleaceae
andLeandro, Nevium Oleander, Fam: Apocynaceae plant.
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ABSTRACT

Large changes in microclimate in the Kostolac basin are the result of the negative impact of Kostolac power
plants and "Drmno” coal mine. Thermal power plants Kostolac A and Kostolac B emit large amounts of SO
NGO, (NO,), CO, ash and slag into the atmosphere. Bearing in mind that there are models developed to analyse
the dispersion of gaseous substances froatiostary sources in accordance with the available technical
resources, the data from the monitoring of the thermal power plant Kostolac have been analysed. Analyses were
performed using the VSMOKE model. VSMOKE is a computer based model used to predictehéation of

pollution for certain types of gaseous substances resulting from the combustion process. This model has been
modified to allow for an integrated use of a GIS tool to enable the display of spatial context of prediction
calculations. Bearig in mind the limitations on the time interval of observation, the analysis was based on data
for the first six months of 2012.

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

GEOGRAPHICAL POSITION AND PHYSICA L-GEOGRAPHICAL FEATURES

In the broadest sense, Kostolac mining and energy basin belongs to the area between the Great Morava
River in the west, Golubac Mountains to the east, the Danube in the north and Mlavski basin in the
south. Basic morphostructurdéments of the terrain are Stig, Podunavlje (the Danube region) and
Donje Pomoravlje (the Lower Morava region) as representatives of lowland terrain, and Sopotska
greda and Bozevacka greda, low hills with elements of the terrace features. Stig plaliefaiait
with pronounced border, to the east in the form of Bozevacka kosa and Sopotska greda in the west.
The southern border is the beginning of the middle course of the Mlava river, while it is connected
with the Danube basin in the north without amsible morphological transition (Stepanovic, 2011).

In the narrow sense, Kostolac coal basin covers an ai@gapobximately 100 square kilometres, with

the town Kostolac in the centr eheenfird Rididekpgy 2 1 A1 4 N
basin, which is approximately 400 square kilometres, within which reserves of lignite, brown coal and
hard coal are -Mxpooaedvii(no20e2)c Production of
used for thermal power plants, and a smaller part fasmsansumptionFor the smooth operation of

four blocks of the thermal power plants in Kostolac, with the total power of almost 1,000 MW, if we
include 500 000 t of coal pieces for mass consumption, the production of 9.5 million tons is required.

The Government of Serbia has made the decision to buildbBd and in this regard has already

signed an agreement with the Chinese company "CMEC" to build a new block of 350 MW, which will
cause an increase in annual coal production to 12 million Ryesluction in 2012 amounted to about
9.700.000 tons. (Company "Thermal Power Plants and Mines Kostolac", Business Report, 2013).
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Mining and energy basin Kostolac, in addition to coal mines, consists of two thermal power plants,
Kostolac A and Kostolac Byhich produce about 12% of the total electricity production in the system
of the Electric Power Industry of Serbia. Thermal power plant Kostolac A, is located in the town
Kostolac, and is composed of two blocks; #d A, with a total installed capacitgf 281 MW
(100+281). The thermal power plant Kostolac B, known as Drmno is located on the right bank of the
river Mlava, near the village of Drmno and about 5 kilometres from the right bank of the Danube. To
the east of the thermal power plant, at a distaof approximately one kilometre, is an open pit with
the same name, which supplies the power plant with coal. Like Kostolac A, the thermal power plant
Kostolac B consists of blocks;Bnd B with the installed capacity of 2h348,5 MW. Annual energy
produwction of all four blocks of Kostolac power plants is near 6 billion KWh. (Company "Thermal
Power Plants and Mines Kostolac", Business Report, 2013)

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

Ay A, B, B, Total gross
MWh
759.999 1 537.146 2 561.225 790.296 5 648 666

Figure 1 Orthophoto geotopographic representation of the position of the thermal power plants
Kostolac A and Kostolac B

CONDITION OF THE ENVIRONMENT

Condition of the atmosphere arde quality of the environment in Kostolac basin are largely a
consequence of the industrial facilities of the company Thermal Power Plants and Mines Kostolac.
Combustion of coal in boilers of thermal power plants, creation of dust from surface mines, Drmno
Cirikovac and Klenovik and slag and ash landfills are major modifiers of the microclimate of the area.
Combustion of about 9 million tons of coal and disposal of more than 2 million tons of ash per year
creates the conditions for a change in air, suréawk underground water. The biggest changes are
caused by the emission of fumes, particulate matter and production of ash and slag.

By rapid combustion of coal in thermal power pl e
few tens of seconds, large amount of gases such as,GGm, NO,, CO, Q, particles of soot and ash
(particulate and suspended matter PM), with traces of minerals and metals, are released into the
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atmosphere. These gases are known as factors of the greenhouse effect taindtecda the

destruction of the ozone layer. When it comes to the quality of the environment, special attention is
given to the group of gases known as sulfur oxides (SOx) and nitrogen oxides (NOx). Their influence

on the microclimate changes manifestsimcreasing concentrations of grodegel ozone in the
atmosphere, creation of acid rain, changes in the chemical composition of soil and water ecosystems,
deforestation and the creation of smog. It is known that the combustion of coal at tempergieres hi

than 15000C leads to rapid oxidation of sulfur and nitrogen compounds to sulfur dioxidg 486

nitrogen suboxide oxidize immediately after leaving the chimney to sulfur dioxidg é8@ nitrogen

dioxide (NQ). In the atmosphere, sulfur dioxiderabines with other gases such as ozong (©

water and transfers to a sulfuric or sulfurous acid, and nitrogen dioxide to nitrous or nitric acid. At the
ground layers, further chemical processes lead to the formation of ozone and smog (Djordjevic
Milorado v i | 2012) . Today, there are different opin
in the atmosphere. Due to a large impact of these elements on the condition and quality of the
environment, restrictions on the concentration of sulfur dioxide ar e d u ¢ e d 3, it@te dxBd € g/ m
85 €ghdc parti cul aatahe greunhdtlayar of a0 The total annual damage caused

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

or between 1.8%nd 5.5% of GNP.

The thermal power plants Kostolac, with the emission of pollutants, primarily flue gas and ash, are the
dominant source of atmospheric pollution. Flue gas is a combustion product of fuel, in this case coal,
and is a mixture of gases (Buldioxide, nitrogen oxide, carbon monoxide, fluoride, and chloride), the
concentration of which depends on the characteristics of the fuel. In addition to gases, flue gas also
contains solid particles that are a product of an incomplete combustion,cfUfcle as soot, and the
influence of mineral components in a fuel (ash). The most abundant element in flue gas is sulfur
dioxide making up about 97%.

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

Table 2 Emission of pollutants in theral power plants Kostolac in 2010 (Compa@yl h e r ma | Power

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

Emission, mass concantration of pollutants in the air for the vear 2010
Ue TFP TPPEUSTUOLAL Llimitvalus of emission (LVE)
Unit KOSTOLAC A B
Block Al [ Al Bl [ BI
mem’
Boilar Bl B3 L‘:.'E L}‘E
[ ERT 707 553 550 o N
50: 14 § 4 3 7 520 400
NO, 4 346 434 557 460 430 500
Co iB 35 19 41 40 250
ioulate EI_I, - - -
Paticulas S 93 145 229 202 50 50

It can be seen from Table 2 that the emission of iBGlue gases of power plants Kostolac A and
Kostolac B exceed significantly the maximum allowed valde$ined in the national and EU
regulations. Measured valueary from 57586582 mg/Nm.

The thermal power plant Kostolac A emitted tenfold higherount of particulate matter than the
allowed amount. In recent years, the operation of electrostatic precipitators of the thermal power plant
Kostolac A has been improved. After the reconstruction of thboBer in the thermal power plant
Kostolac B, tle concentration of particles emitted by the power plant is about 200°nmyfthere are
occasional overdrafts that up to 700 my/nRegardless of the high efficiency electrostatic
precipitators they cannot absorb particles smaller than 10 microns, avkickery dangerous for plant

and animal organisms. It is necessary to reconstruct the existictgostatic precipitatanstallations
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with the aim to achieve more effective protection and reduction of particle concentrations up to 50
mg/nT, which is reqgired by the EU Directive (Jovovich, 2010).

Radioactivity of the ash is also a potential risk caused by ash from thermal power plants. Coal is
mainly composed of organic matter, while some elements present in traces are radioactive. Among
these elements @muranium (U) and thorium (Th), including their decay products of radium (Ra) and

radon (Rn). During coal combustion, most of U and Th and their decay products leave their structure
and are distributed between the gas phase and solid combustion protiaotst. the total amount of

radon in coal is transformed into gas when burned and released through the emission. On the opposite
side, less gaseous elements such as thorium and uranium and most of the products of their
disintegration are retained inthe sbli wast e, i .e. ash and sl ag. ( Ki si
by the Laboratory for Radiation Protection and Environmental Protection, the Vinca Institute (2006),
showed no increased radioactivity due to the operation of the thermal power plantad<ostol

MODELLING AS A METHOD FOR CALCULATION OF CONCENTRATION OF AIR
POLLUTION

Mathematical modelling is one of the scientifically accepted methods for calculating the spread of
gaseous substances from stationary sources. By applying the mathematicdlanedadn the data on

the stationary source, topographic, climatic and urban features of the studied area, through a variety of
scenarios, the dispersion of gaseous matter can be observed (Brode, 1988). Based on the modelling
categories applied, the modati which does not specify the impact can be used, by applying a limited
number of parameters with different valuem order to estimate the effects. These modelling
categories are applied regardless of the actual conditions and events in the analsissahat have

already occurred or hypothetical situations. The second category of modelling is the modelling of
actual or accidental events in order to monitor the spread of gaseous substances in real time, based on
which a valid decision can be maddeTthird category consists of models that analyse the effect over

a given period of time to determine the assessment activities in the period covered, such as period
occurring during the year. The number of parameters and the model used for the evaleffenis

of dispersion of gaseous substances can vary depending on the category of modelling that is used
(Example Air Quality Analysis Checklist, 2013).

The paper analyses the impact of various scenarios of emissions of harmful substances from
the blocks B and B of the thermal power plant Kostolac B on the air quality in the area.
Groundlevel concentrations of pollutants at different distances were calculated. The Gaussian
statistical model for estimating ground dispersion of gaseous substances was applied to
cetain valuesof emissions of gaseous substances and parameters related to the outdoor
environment. The basis of this model is the assumption that the impurities emitted by a
continuous point source form a smoke column in which symmetrical distributipart¢le
concentration in relation to the axis of the smoke column is observed. The main equation of
the statistical Gaussian model is composed of two probability functions of the normal
distribution law and rethe following form (Lazaridis, 2011):

Couy)=- % expr L ){ex _w}ex _(z+H)2}
W

270 ,(X)o,(X)T 207 (X) 262(X) 262(X)

where Q is the mass flow;-@purity concentration at a given point of spaes;(x) , o,(X)

diffusion dispersions in the direction of the corresponding axis, which depend on the weather
conditions and the distance that particles travel from the source to the point with the coordinate x,
where it is assumed that the direction of the aXis@inades with the direction of the wind vectar;

T mean wind speed at the level of measurenétfective height of the source.
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%y

Figure 2. Graphical representation of the dispe
2013)

In the equation (1), ,0,are the horizontal and vertical dispersion of the distribution of impurities.
For the determination of these dispersions the following relations are used (Vnukov, 1992):

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

determined experimentally. Atmospheric stability determined through the Pasqu@lfford's

stability classification system, which distinguishes six classes of stability, ranging from A (very
unstable) to F (very stable).

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

A a B b
very unstable A 0,527 0,865 0,28 0,90
unstable B 0,371 0,866 0,23 0,85
slightly unstable C 0,209 0,897 0,22 0,80
A a B b
neutral D 0,128 0,905 0,20 0,76
stalle E 0,098 0,902 0,15 0,73
very stable F 0,065 0.902 012 0,67

In order to enable geospatial representation of the spread of gaseous substances from the thermal
power plant Kostolac B, a model for the process of preparing spatial data covering the analysed area
up to 50 kilometres has been defined, although thmuledion includes somewhat larger distance and

the area up to 10 kilometres (Figure 2). Presented results refer to a specified radius, where the distance
is 0 meters, the source of emission, i.e. chimney, while the 50 km i the maximum distance from the

pollution source. For modelling, in order to calculate the ground concentrations of air pollution, we
used data from the Table 4.

DIFFUSION OF POINT-SOURCE POLLUTION USING A
GAUSSIAN DISTRIBUTION
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Figure 3 Model of spread of the concentration of pollutants, depending on the distance from the
source of pollution
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Bearing in mind the capabilities of the applied model for the analysis of spatial data, geotopographic
elements are taken from the raster topographic and topographic map, orthophotos, digital topographic
maps, categorized soil maps and vector contettheflabelled locations of emission sources of the
thermal power plant Kostolac B. By using the existing models for the analysis of the dispersion of
gaseous substances from stationary sources, which are automated to a certain level, and available
technicaldata, an analysis of available solutions, in accordance with the possibilitiesuSM@KE

model (Brode, 1992) compared to the integrated use inAtk&IS tool, which was used for
modelling and the spatial representation of the results of analysisrofoming data of the thermal

power plant Kostolac B. It should be noted that there were limitations on the time interval that was
analysed, because the data were available for the first 6 months of 2012.

Table 4 Value of emissions at the measuring statkostolac for 2012

Nitroge

Sulfur n Nitrogen | Total Carbon wind | Wind Air Relative air Atmosph
Date dioxide L monoxide | nitrogen | monoxide S temper - .

SO, %lgmde NO NOx co speed | direction ature humidity pressure

2

cgfmieglPm|legPm |egfPm|leglfm m/sec | degree °Cc % hPa
January | 52,67 10,13 4,06 11,20 0,14 2,27 215,91 1,92 81,34 1009,58
February | 65,10 13,07 2,76 11,85 0,71 2,05 203,13 -3,15 79,42 1012,40
March 28,15 17,71 5,83 18,25 0,52 1,60 203,18 8,36 56,52 1014,36
April 16,60 11,53 2,36 10,37 0,27 2,01 196,68 14,32 64,97 997,67
May 17,07 11,31 2,29 10,12 0,37 1,69 204,03 17,34 72,99 1003,46
June 19,80 8,45 1,34 7,19 0,34 1,80 186,44 23,96 59,86 1003,46

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

of gaseous substances resulting from the combustion process. The model was made in 1990 by Lavdas
(Forest Service, Southern Research Station) and then was modified to allow for the integrated use with
the GIS tools in order to display the sphcoverage of the contamination calculation obtained by
applying the VSMOKE model (Lavdas, 1996).

The analysis included a digital terrain model, whose impact on the coverage of pollution can have a
major effect and be the subject to further analysis. When using VSMOKE (Ambient Impact Analysis
Guideline, 2009) model, it has to be borne in mind that ihfended for the plains and hilly areas,
which completely corresponds to Kostolac basin. The plants are in the valley of the river Mlava,
known as the Stig, which is in the east bordeviiity the valley of the river Pek and, and in the west

by 20 kilomeares wide valley of the Great Morava river. The northern border is the Danube, which
further north leans on the Pannonian plain. This means that within the distance of 20 kilometres, there
are no significant elevations that would stop or slow down poli@anissions from sources. It should

be emphasized that elevations in the terrain may lead to increased concentrations of harmful
substances, especially in terms of stable atmospheres. Bearing in mind that the zone of the study area
and the elements thateapbserved obtained data which are primarily determined by the lowland
terrain, which means that in this case there is no significant influence of the terrain.

A

N

Figure 4 The digital terrain model that is influenced by Kostolac
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Based on avege annual valuesf the parameters analysed and the parameters which determine the
stationary source emissions of gaseous substances at the thermal power plant Kostolac B, there was a
direct application of the Gaussian model, and the results are shdia gnaphs. The analysis of the
dispersion model of gaseous substances was carried out for the precise location of the thermal power
plant Kostolac B. Measurements were maad&larch 2012 for a period of 1500 hours.

@

Plome Height eraphic
Edit Close

5.000- e —
4.5007 E —
4,000 N TR
3,500+ b
3.000- - <
Feet 2,500 \‘\
2,000
1,500
75 percent of the smoke is being dispersed

1.0001 gradually as it rises to the mixing height, and
| 25 percentis dispersed at ground level.

0.06 0.12 0.25 0.49 0.98 1.96 3.92 7.82 15.61 31.14
Downwind distance from fire (miles)

[Note: Scale is log(distance]]
Air Quality Index for 1-hour PM2.5
- Hazardous (>526 ug/m3).
- Very Unhealthy (>351 - 526 ug/m3).

Unhealthy (>138 - 351 ug/m3)

Mixing height
Ceiling height
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Unhealthy for Sensitive Groups [>88 - 138 ug/m3).
Moderate (>38 - 83 ug/m3)
Good (0 - 38 ug/m3).

Upper and lower
bounds of plume

EOEN

Figure 5: Indexof dispersion and emissions of suspended particulate matte2.8M

VSMOKE model provides three types of results. It determines the stability of the atmosphere and its
ability to disperse pollutants, the concentration of-BBland CO, the distance frometsource and
calculates visibility (Long 2011). The dispersion index is an estimated ability of the atmosphere to
dispel or absorb pollutants to acceptable low average concentration. According to the calculation, an
acceptable concentration index shouldhiggher than 30 at maximum operation of the power plant.
The estimated dispersion index was in this case 34 on the basis of which it is estimated that the
atmosphere has an average good dispersion capacity of pollutants. By combining the dispersion index
and the value for relative humidity, the probability whether pollution affects the reduction of visibility
and thereby creates fog can be estimated. The risk index for reduced visibility ranges from 1 to 10, and
should be less than 4. One is considered@@murrence, when in @00 casegpolluters in one case
contribute to the occurrence of fog. In this analysis, the risk of reduced visibility was equal to one and
is marked on the line (Turpin, 2001).

The measurements presented in the graph show that thsi@m of PM2.5 is extremely high> 526
OgPMExposure LV for® 2t4h e oanm su all5’a eRegntamgpeto 35k O g/ m
from the source of pollution and is a dangerous path to human health. A very dangerous air pollution
with particulate maer concentration of 35526 Og/ m3 stretches up to 5
Unhealthy atmosphere with the concentration of suspended partickss338 Tegténds to 9.6 km

from the chimney of the thermal power plant. The air that adversely affects petplsensitive

respiratory system has a concentration of suspended particleslo8 @8 Cagd isrfelt up to 12.5

km. Variable contamination affected by winds and stability of the atmosphere, the concentration of
suspended particles of 88 G ,gaidratends according to the model to 25 km. At the distance of

25 km from the source of pollution the air quality is good.

The graph shows the height zoning of pollutants and the influence of the atmosphere on their
disposition. Emissions of pollutan@re mixed with the atmosphere up to 5000 feet (1524m).

VSMOKE model provides data on the percentage of disposition of gases and particles in high altitude
areas. In this case 25% of the level of pollution is situated on the topographic surface, and 75% is
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coveral by the turbulent motion of the atmosphere in the higher layers. Obtained aduesated to
atmospheric stability class D (neutral) and E (slightly stable).

VSMOKE model program, based on the parameters emitted by a stationary source, madeitntable
concentrations of suspended particulate matter2Pvand CO of the sources and their impact on the
health of the population.

Table 5:Particulate emissions PM.5 and CO from the chimney of Kostolac B

{ Concenirations ¥ Wisibility | Plume | Stability, DI, and LVORI

Distance PM2.5 co Distance
from fire ug/m3 from fire
328 1t %l 247 mi
4131 856, 00 46 40) EARN]
518 # a7.5 392 mi
E5E ft W 374 4.94 mi
823 ft 6.21 mi
1037 ft 2391 7.82mi
0.25 mi 9.85 mi
0.31 mi 12,40 mi
0.39 i 1561 mi
0.49 mi £ 19.65 mi
0.62 mi 4 E.35 24.74 mi
0.78 mi .14 mi
0.98 mi 39.21 mi
1.24 mi 49,36 mi
1.56 mi E214 mi

1.96 mi

High concentration of fingoarticles PM2.5 and carbon monoxide may have a negative impact on
human healthAgency for Environmental Protection has developed a colour monitoring system called
the Air Quality Index in order to help the population to understand the degree of caimerfair
pollution that can affect their healtiihe most dangerous pollution with suspended particles2BM
extends up to 2.5 km from the source, and the concentration of CO up to 250 meters. Highly polluted
atmosphere with a touch of suspended fagieM2 . 5 of 4 9 GexertSup B 4 Khy3154,

and the concentration of CO with the same impact on the health of the population up to one kilometre.
Atmosphere polluted with suspended particles was recorded almost up to 8 kilometres away from the
source, the CO emission up to 1600 meters. All pollutions marked with brown, purple and red have
impact on the health of all residents. Pollution represented in orange is a problem for certain
populations, such as children, the elderly and those with chheirt and lung diseases. Other people

are not likely to be threatened by the level of pollution. A concentration of up t8a@g £ isfelt

up to 10 km from the source, and the concentration of CO in this class of pollution is up to 2500
meters. Vamble pollution caused by the state of the atmosphere and winds, suspended particles PM
2.5, extends 20 kilometres from the chimney of the thermal power plant, CO up to 12.6 kilometres.
Good air quality, the allowed amount of suspended patrticles, is iard#e located more than 25
kilometres from the source of pollution and the acceptable CO emission is 16 kilometres from the
source.

By applying the VSMOKE model, integrated with the GIS tool, the direction and spread of
concentrations of gaseous substansesbtained, with respect to the geotopographic content, which
was used for the analysis, and the coverage of the area. With the model, it is also possible to analyse
the spread of gaseous substances, night and day, bearing in mind that during thes riightidity

level increases.
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Figure 6. Concentration of the spread of gaseous substances of the thermal power plant Kostolac B in
relation to geotopographic content for the first six months of 2012 (Table 4)

Figure 7. Degree of pollution and the impact of pollution on human health

By applying the VSMOKE model, integrated with the GIS tool, the direction and spread of
concentrations of gaseous substances is obtained, with respect to the geotopographic content, which
was used for the analysis, and the coverage of the area. VSMOKH pmuderovide with a
combination of particle dispersion index and the vabfeglative humidity an assessment of the risks

of reduced visibility due to the spread of pollutants. Gases and particles in the atmosphere have a
significant influence on thélegree and the distance of visibility. Fine particles have the ability to
refract and absorb sunlight which may have an impact on reducing visibility. Estimated visibility
obtained by calculations of the VSMOKE model is valid in conditions where the daisrasp
humidity is less than 70%.
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Table 6 Estimated visibility depending on the distance from the source

Concentrations § ¥isibility | Plume | Stabilty, DI, and LVORI

Crossplume Contrast Crossplume Contrast
Distance Yisibility Ratio Distance Yisibility Ratio
from fire [miles) Imiles) from fire [miles) {miles)
ANTR 010 0.00 247 mi 42 27 0.63
422 1t 011 0.00 311 mi 44 49 0.70
528 1 013 0.00 392 mi 634 0.77
B34 ft 015 001 4.94 mi k,ss 0.82
B45 1 016 0.01 BE.21 mi 4916 0.86
1056 ft 018 0.02 782 mi 5023 0.89
0.25 mi 0.22 0.03 2.85mi 51.12 0.92
0.231 mi 0.26 0.05 12,40 mi 51.86 0.93
0.39 mi 212 0.08 1861 mi 52 48 0.95
0.49 mi 10,15 012 19.65 mi 52.99 0.96
0.62 mi 17.15 018 2474 mi 53.41 0.96
0.78 mi 23.19 0.24 314 mi 53.76 0.97
0.98 mi 28 36 031 3827 mi 54 03 0.97
1.24 mi 32.76 0.38 49,36 mi 5422 0.98
1.5E mi 36.49 0.47 E2.14 mi 54 31 0.98
1.96 mi 39.63 0.55

With the model it is also possible to analyse the spread of gaseous substances, night and day, bearing
in mind that during the ght the humidity level increases.

Further analysis can focus on impact assessment in relation to the types and categories of land and
populated areas.

CONCLUSION

In the paper, by using the mathematical model, we have established the conditiopadfution,
simulating the spread of harmful substances for different assumed emission intensities in the known
topographic, urban and meteorological situation. The method provides a realistic picture regarding the
dispersion of pollutants, which can serase a basis for assessing potential hazards and technical
resolving of protection systems.

The analysis of available solutions is performed in accordance with the possibilitSEMIDKE

model compared to the integrated us@inGIS tool that is used to auel the spatial representation

of the results of analysis of monitoring data of the thermal power plant Kostolac B. These results are
consistent with earlier results obtained using the United States Agency for Environmental Protection
SCREENVIEW3504gpl i cati on (Jalimovski, 2014, Screen 3,

Application of laws dealing with environmental protection implies harmonization of our legislation
with the EU regulations. One of the priority tasks is to adopt policies and procedures for the protection
of ar quality by reducing emissions of hazardous substances at the source of pollution. If we take into
account the threshold limit values for emiss@nSG; in the flue gas, Kostolac power plants with
respect to the installed power, have to reduce the output concentration fofr @re than 94%, in

order to reach the value lower than 480/Nn7, at full capacity of blocks and during the combustion

of worst quality coal. The greatest impact on air pollution, taking into account the spread of sulfur
dioxide emissions, is around the thermal power plant Kostolac, at a distanckmoffdm the source

in the direction of the dominant wind. Apart from Pozarevaearby places such as Kostolac,
Cirikovac, Bradarac, Klenovik and Petka also have increased levels of pollution (Environmental
impact assessmentDesulfurization of flue gas at the thermal power plant Kostolac B, 2010).

For now, emission of nitrogen aés does not exceed the allowed value. However, it should be noted
that the European Union is already preparing the adoption of stricter regulations for which the
maximum allowed emission of NOx will be decreased to a value of 200 *nigim the currently
permitted 400 mg/fhstarting from 1 January 2016. With the current emission of nitrogen oxides, the
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thermal power plants Kostolac exceeds the new limits and therefore has to seek solutions to reduce the
emission as the current projects for flue gas desdftion do not predict the reduction of nitrogen
oxides.

Electric Power Industry of Serbia is obligated to find a solution to reduce sulfur dioxide emissions on
existing blocks by the year 2015. A feasibility study "Directions for optimal reductionlfaf ®xides

from thermal power plants of the Electric Power Industry of Serbia" was conducted, and the first
power plant which will have a desulfurization system installed is the thermal power plant Kostolac B.
As protection measures, the existing chimmef Kostolac thermal power plants had the electrostatic
precipitators for purification of flue gas from particles installed, but no measures were taken to reduce
emission of sulfur oxides, and from the accompanying table, we see that they are sevetabtiere

than the allowed values. Some of the features of Kostolac lignite extracted in the open mine "Drmno"
are small thermal power, relatively high humidity and ash content and total sulfur content of about
1.3%. (The choice of the optimal technicalumn for the plant desulfurization of flue gas at the
Kostolac B, 2010)The use of such fuels is the cause of high concentrations 0ihSte flue gas,

which ranges between 500000 mg/nt in the thermal power plant Kostolac B, and the specific
emissia of sulfur is about 3&g/MNJIh which was one of the most important criteria for the choice of
Kostolac B as the first thermal power plant in the Electric Power Industry of Serbia to have the
desulfurization system installed. The project of the systendesfulfurization was done by the
consortium: Faculty of Mechanical Engineering and Faculty of Mining and Geology, University of
Belgrade, Worley Parsons Company from the United States and Energefmekirom Belgrade.

The system for desulfurization csiats of a plant for purification of flue gas using wet scrubbing, the
socal | ed A g avih limestone suspensionfiwhich is performed in the part of the plant which
is referred to as an absorber.

Gas scrubbing is carried out in a way that theeni of flue gas is introduced in the absorber in which
limestone suspension is also introduced in the form of rain or dropldtse process, sulfur dioxide

binds to calcium from the limestone and results in gypsum in the form of a suspension. Gypsum i
then transported to the landfill and prepared for later use, and the purified gases are released into the
atmosphere. Gypsum suspension, which is a product of desulfurization by using the wet limestone
processs, is a potential raw material for gypsuni.d good quality of gypsum is required, it is
necessary to incorporate a high quality electrostatic precipitator in order to reduce the amount of
particulate matter in the flue gabhe plant is large and consists of several parts such as absorber,
heaterof flue gas, the system for preparing limestone suspensions, limestone preparation, pumping
stations, a system for waste water treatment system for drying plaster, gypsum storage system
(Stojiljkovic, 2009 ). The planned production increase by 30% wilelguaffect the increase in
pollution correspondingly.

In addition to modern technological solutions, we should not ignore the possibility that plants
contribute to green technology with absorption, which includes growing of forest plantations in the
vicinity of pollutants and shelterbelts next to towns.
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ABSTRACT

Unlike the fossil fuels, in process bfomass combustion emissions of NOx and SOx gasses are almost
negligible. Comparing with standard coils, mostly used in Serbia, emission pfo€@ost of the biomass
samples is less, due too higher heating value of biomass. If it is taking into afamiuhtt yearly production

of biomass in Serbia is estimated on 12.5 million tons, it can be concluded that wider use of biomass can affect
on air pollution. Among the common biomass, tobacco stalks are particularly interesting. According to the
official classification tobacco stalks belongs to the green agricultural waste. Yearly production of tobacco stalks
is about 70 000 tons, which can totally cover all energy needs in processes of drying. Compared with other
biomass, content of nitrogen in tobacdalls is higher, which is result of fertilization in the cultivation. In order

to decrease NOx gasses, tobacco stalks are mixed with corn cob in this study. Ultimate analysis is
experimentally determined, and based of these data briquette samples arersteAnalysis of NOx gasses is
theoretically performed. Results of analysis shows that air pollution can be significantly decreased with
combustion of tobacco stalks and various combinations with other biomass.

Key words: Tobacco stalks, combustidorjquette, NOx and SOx emission

INTRODUCTION

Excessive use of fossil fuels in last decades leads to its irreversibly spending. Main consequence of
this is greenhouse gases emissions which strongly affects on climate change and non sustainable
developrent. Use of low heating coal such is lignite in most of combustion processes like is electricity
production and central heating results with high level of,@@x and SOx gasses emission. From

the other side, problems that may arise in the supply ofl flogds, as is the case currently in the
Republic of Serbia caused by floods, impose the need for finding alternative sources of energy.

A low developed economies, which is situation present in Western Balkan countries, are mainly
oriented on agriculturéAny agricultural activity strongly needs fuel, and in the same time agriculture
produces great amount of waste which can be successfully implemented in energy consumption. In
present situation in Republic of Serbia, according to the official statistarlyy@roduction of
agriculture waste is about of 12.5 million tons. Assuming that only 25 % of this amount could be taken
as energy source it would be possible to replace 1.4 million tons of oil, and this biomass could cover
all energy need in agricultusector (JovanoviandParovic, 2009).

Using of biomass in combustion process instead of low heating coal or oil, for any purpose would
have strong environmental impact (Lazarig012). It is known that in biomass combustion processes
emission of SOx and NOx gasses is almost equal to zero, and this is one of the main advantages of
using biomass. From the other side, moisture contents in biomass for combustion for briquette or
pellet production need to be less than 15%, which leads to higher heating values comparing with
standard using coil. In more complex analysis it could be easily shown that emission isf &0

lower with biomass combustion.
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Among the standard biomass sushwheat, corn, barley or oat, tobacco is of the main agricultural
product in Republic of Serbia. Yearly production of all species of tolbstatks(Virginia and Burley
mainly) in Republic of Serbia is aboid 000 tons. More interesting for energy pusps is fact that
tobacco stalks have no economic value since they are not taken in any serious energy consideration
yet. According to the Waste Catalogue issued by the Ministriznvironment and Spatial Planning

and the Agency for Environmental Protectiohthe Republic of Serbia (Waste catalogiz910),
tobacco is placed in the waste that is-taxic. Nicotine level, which is appeared as main obstacle for
tobacco stalk wider usage, is very low (Peseskial.2010) and this leads to conclusion that
implementation of tobacco stalks briquettes and pellets is ecologically accepibadco stalks could

also be used in various production, such are pulp of paper, bioethanol, biogas or inorganic fertilizer
(Radojicicet al., 2009Radojicicet al.2014, Sunet al.2002, Chaturved008).

Unlike the other common types of biomass, tobacco stalk have greater amount of nitrogen and sulfur,
which affect with increased SOx and NOx gasses in combustion. These increassdavalresult of
fertilization from one side, and consequence of acid rains from the other side. Comparing with other
biomass types, wheat straw also have greater amount of nitrogen, but corn cob have nitrogen level on
minimum. These facts impose conctusithat mixing tobacco stalks with corn cob for example can
lead to generate very effective renewable fuel which can have satisfactory heating level and in the
same time low generation of toxic gasses.

The aim of this research is to show generally desimgaof NOx and SOx gasses emission in biomass
combustion processes. Further more, implementation of tobacco stalks as renewable energy source
could be more effective in combustion instead of standard coils which are usually used. Low heating
value of mody used biomass is greater that coal heating value, and imposes logical conclusion that in
the same time and G@mission would be less.

THEORY

Calculation ofsolid fuels combustion products volumean be made based on knowledge of the
ultimate analysi®f the fuel, using the sthiometric combustion equation. Fuel composition can write
in the form(Zivkovic and Djordjevic, 2001)

C+H+S+0+N+W+ AP =100% (2)
Symbols C, S, O, N, W and’Aepresentshe percentage content of carbon (C), hydrogen (H), sulfur
(S), oxygen (0), nitrogen (N), humidity (W) and mineral impurities (A) in the fuel.

Volumes of combustion gasses in flikg can be calculated as follows:

C
Veo, = 1,867+ — (2)
Vep, = 0,7 + — ©)
S0, — 100

H w
Vigo =112 - =54 1,24 - — (4)

For NO2 and O2 volumes it is necessary to calculate minimal amount of oxyggh @
combustion, and accordion to this amount minimal amount of needed air for combug#jpn (L

Omin = 755 - [1867 -C+56 - (H=3)+ 07 -] (5)
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Lminzomin (6)
A
where & is coefficient of excess air.
N. 79
VNz:0'8'1T.20+m'Lmin (7)
VOZ = (/1_1) ' Lmin (8)
wher e & Is coefficient of excess air.

For better analysis of combustion gasses amount in real conditionettés tb compare amount of
gasses in order to achieve same heating energy for biomass samples. For this reason, low heating
energy value (LHV) have to be calculates for every biomass sample. This value can be calculated from
(Demirbas, 1997, Moka, 2012):

LHV=340-C+1200-(H—§)+ 105 - S —25 - W [:—;] 9)

METHOD

Burley tobacco stalks, variety fr om Loka production area,9 and Vi
from Gabac product iidR38fmomé&tara Badota poduction aeca, bre used or
this examination.For theoretical prediction of combustion gasses species ultimate analysis is
necessary. Biomass samples taken in this investigation are wheat straw, corn cob, barley, Burley and
Virginia tobacco stalks. Burley tobacco is particularly interesting due to fact that leaves and stalks are
dried in the same time without any energy consumption (natural during technique). All samples were
taken with 10% initial moisture. After the sample eotion, preparation of the samples for the
analysis of chemical composition was performed in the standard manner. After grinding, the stalks are
milled and sieved to a series of vibrating sieves. The fractions of particle size-0f.0./nm were

taken fo the analysis of the chemical composition. In the context of the analysis of the chemical
composition the followingwere done: determination of the moisture content of the samples
(NREL/TP-51042621, 2008, extractive substances soluble in a mixture ofjaoic solvents
(NREL/TP-51042619 2008, NREL/TP510-42618 2008 and the determination of the ash content
(NREL/TP-510-42622 2005. Based on the moisture content, the results of the analysis of the
chemical composition of all samples are expressedvel&ti the dry weight of the samples. Within

the elementary analysis, the determination of carbon, hydrogen and oxygen was carried out. Unlike
fossil fuels, biomass is characterized by a low content of sulfur and nitrogen in trace amounts.
Therefore, we caidered that for the calculation of the combustion gasses emission based on the
elemental composition it is the most important to take into account the content of C, H and O. These
elements are detected with elemental analyzers. Approximately 200 mgaoipéess burned in an
oxygen atmosphere &0FC, and C is converted into GOand H in HO. The components are
guantitatively determined by using IR (infrared) detecBmldr Energy Research Institute, 1291

After the ultimate analysis determinatiospmposition of combustion gess in theoretically
determined For better results interpretation, and understanding of environmental impact of biomass
combustion, combustion gasses amount is compared in term of equal fuel weight.

FINDINGS AND DISCUSSION

For this study Virginia and Burley tobacco stalks and corn cob were selected for briquette samples.
Corn cob is selected for mixing with tobacco stalk because of relativly low content of nitrogen and
sulfur and close heating value with the same moistunéeod Mixed briquettes are made from equal

mass of tobacco stalks and corn cob in order to find average values of gasses emission between two
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biomass sample3able 1 presents results of ultimate analysis and chemical composition of briquettes.
Analyses vere performed in five replicates, but for clearly reasons in Table 1 are given only average
values.

Table 1: Ultimate analysis of biomass briquettes samples

Element content

Biomass C [H N S 0 A W
[%]

Virginia 39,57 | 6,17 0,43 0,77 38,12 4,94 10

Burley 39,62 | 6,31 0,80 0,49 38,94 3,81 10

Corn cob 41,92 |5,28 0,42 0,01 40,91 1,46 10

Mix Virginia-Corn
cob
Mix  Burley-Corn
cob

40,77 | 5,79 0,61 0,25 39,92 2,66 10

40,74 | 5,72 0,42 0,39 39,51 3,12 10

Variation in content of particular element canrbsult of various parameters which are related to the
land composition, land cultivation, irrigation and fertilization. Characteristic of biomass could also
vary depending on the origin or geograticegion in which it is formed (Garcia et al.,2014, Gure

and Senel, 2012 hese variations are also acceptable within the one plant culture in different years of
cultivation. Although the nitrogen content in biomass samples is almost negligible, due to excessive
fertilization it can be increase@hich can beseen in Burley sample in Table 1. In the same manner,
sulfur content in virginia sample from Table 1 is result of acid rains in the area where plants had been
grown. All these variation would affect in ammount of NOx and SOx gasses in combusion.

Basedon ultimate analysis, for selected briquettes are calculated volumes of combusion gasses
according to the theory given from (1) to (8). Emission of @Dselected fules is given on Figure 1.
From Table 1 it can be seen that tobacco stalk have smaltmarmf carbon, and result of this is
decreased volume of G@h combusion gasses for tobacco stalks compared with corn cob. Variation
bettewen samples is about 6%, and it can be concluded that all samples have similar volumes of CO
in combusion gassedn briquettes which are made from mixing biomass emission ofd almost

the same.
0,78
0,76 0.76
0,74 0,74 ‘ ‘

Virginia Burley Comcob  Mix virginia- Mix burley-
com com

Figure 1. CO2 emission for selected biomass briquettes

Volumes of SQ@ in combusion gasses for briquettes samples are given in Figure 2. As it was
mentiones before,w to land contamiantion in area where selected Virgnia tobacco plants were
grown, content of SEs the greates. Comparing with corn cob, briquettes made from Virginia tobacco
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stalk have almost 90% greater Sénission. In briquettes made from biomasstori, this emission
can be decreased up to 40% comparing with tobacco stalks briquettes.

0.0053%
0,003485
0.,00273
0.0017675
. ﬂ_ﬂﬂﬂﬂ?‘ A
S
Virginia Burley Com cob Mix Mix burley-

virginia-com com
Figure 2. SQemission for selected biomass briquettes

Volume of NQ in combustion gasses is given on Figure 2. For clarity reasons, on Figure 3 is only
shown content on nitrogen from biomass. Nitrogen content from air needed for combustion is
neglected. As it was mentioned, in case of Burley tobacco, nitrogen fronzéerbinds to plant and

this affect with increased amount of M@ gasses. Comparing with corn cob, it is almost 50% greater
NO, emission. In case of briquettes made from biomass mixture, this can be decreased from almost
30%.

0.006408
0,004884
0.00344 0.00336 0.0034
Virginia Burley Com cob Mix Mix burlev-
virginia-com corm

Figure 3. NO, emission foiselected biomass briquettes

0,006 - W Samplel

W Sample2
0,005 -
0,004 A
0,003 A
0,002 -
0,001 A

-
0 f 1 f
Virginia Corn cob Mix virginia-corn

Figure 4. SQ@emission for selected biomass briquettes for 1 kg fuel, and for the same heating value
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Comparison between Virginia tobacco stalks, corn cob and mixture briquettes in case of SO
emissions are given in Figure 4. With Sample 1 is mark out emission in case of combustion of 1 kg of
biomass, and with Sample 2 is mark out amount of biomass which is equal to heating value of Virginia
tobacco stalks. Calculated from (9) lower heatingi@adf Virginia tobacco stalks briquettes is 14,97
MJ/kg, and for corn cob is 14,2 MJ/kg. Since content of sulfur in corn cob is almost negligible, it is
obvious that volume of SOn case of corn cob briquettes shall be on minimum, what is mentioned
before In case of briquettes made from mixture, emission of &MIld be decreased up to 50%
comparing with pure Virginia tobacco stalks briquettes.

On the same way, NCemissions for Virginia tobacco stalks, corn cob and mixture brigquettes are
given on Figuré. Although in case of corn cob briquettes N@ission is smaller relative to Virginia
tobacco stalks briquettes, in order to obtain same energy value in combustion, it would be necessary
greater amount of corn cob briquettes. This would increaseeN®sion for almost 10%, and it can

be concluded that tobacco stalks briquettes in order of same energy delivery would have better NO
emission. In case of mixture briquettes, emission would be almost equal.

B Samplel
3,8
m Sample2
3,75
3,7 1
3,65
3,6
3,55
- )
3,45 +< : :
Virginia Corncob Mix virginia-corn

Figure5. NO, emission for selected biomassduettes for 1 kg fuel, and for the same heating value

In case of Burley tobacco stalks, corn cob and mixture biomass briquettes, comparison in SO
emission are given on Figure 6. Considering the fact that sulfur content in corn cob is almost 90%
smaller than Burley tobacco stalk, in case of biomass mixture briquettes this emission could be
decreased up to 50% regardless if is compared per 1 kg of biomass or same energy delivered.
Briguettes made from Burley tobacco stalks have 15,01 MJ/kg lower heatingswvhich is more

than any other biomass samples. From Figure 6 it can be seen that there is no significant difference for
SO, emission in case of biomass mixture briquettes in case of 1kg fuels combustion and combustion
for the same energy delivered.

0,0035 - H Samplel
H Ssample2
0,003 -
0,0025
0,002
0,0015
0,001
0,0005 )
0 v
Burley Corncob Mix burley-corn

Figure 6. SO, emission for selected biomass briquettes for 1 kg fuel, and for the same heating value
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m Samplel
370

M Sample2
3.7~
3,65 -
3,6 -

355 -

3

3,45
Burley Corncob Mix burley-corn

Figure 7. NO, emission for selected biomass briquettes for 1 kg fuel, and for the same heating value

Unlike Virginia tobacco stalks briquettes, Burley sample nitrogen level was higher, which was
explained previous. Results of higher nitrogen value are decreasgdermi€sion in combustion
gasses. Difference between Burley and corn cob briquettes is about 50%, which is evident in case of
combustionl kg fuel. For briquettes made from biomass mixture, in case of same energy delivered it
was noted higher value of N@mission. According to these data, it can be concluded that mixing
Burley tobacco stalks with other types of biomass samples couldgnificantly decrease level of

NO, emission.

CONCLUSIONS

Of total available renewable energy in Republic of Serbia, biomass is accounted with almost 63%.
This amount is more than sufficient to cover all energy needs in agriculture sector, which is not
presents situation. It can be concluded that in moment, very small amount of biomass is in use in
agriculture. Biomass generally has available heating value and it can successfully replace fossil fuels.
It is shown that tobacco stalks are suitable for usiranergy purposes, and they are classified as non
toxic biomass. Particularly, in case of Burley tobacco stalks there is no need for energy in biomass
drying process. Since tobacco stalks have not any value in tobacco industry, they are more than
suitableas renewable energy source.

Based on presented results, it can be concluded that tobacco stalks have smaller content of carbon
which affect in decreased level of €@mission than other biomass. These data are calculated for the
same moisture level fodlebiomass samples. Generally, €@elivered from biomass combustion is
organic and more acceptable because it is needed for plants growing. There is no significant difference
in level of CQ emission for pure substance brigquettes and biomass mixturetbesjuvhich is shown

in results.

According to the samples used in this analysis, level of sulfur in Virginia tobacco stalks was detected
on higher level. It was explained that level of sulfur can vary due to phenomenon of land
contamination by acid rainsvhich was in case of used samples. This fact caused higher leve} of SO
volumes in combustion gasses for Virginia tobacco stalks briquettes than in other samples. Mixing
with other types of biomass samples can significantly decrease level,df 8®isgon gasses. For
Burley tobacco stalks briquettes lower level of,SMission was detected, and it can be concluded
that emission of SQOs significantly decreased.

The highest level of nitrogen in ultimate analysis was detected in Burley tobaccovetétksis result

of using nitrogen fertilizers for plants growing. As it was expected, the highest volumes,ah NO
emission gasses were calculated for Burley tobacco stalks briquettes. In briquettes made from biomass
mixture level of NO2 is decreased, lintcase of same energy delivered biomass made from mixture
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would have almost the same level of N@his can be explained with difference in lower heating
values between Burley tobacco stalks and corn cob. For Virginia tobacco stalks, briquettes made from
biomass mixture could decrease level of.N@ission.

According to the results presented in this paper, generally it can be concluded that using of tobacco
stalks as renewable energy source is acceptable from the ecological point. Plants growinghgonditio
can significantly affect of amount of certain elements in biomass samples. Emission of toxic gasses
such are SOx and NOx gasses is shown in level of acceptance. Furthermore, briquettes made from
biomass mixtures can decrease level of toxic gasses emissi
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ABSTRACT

This paper presents the results obtained during the IPA Ror&erisia Cross Border Cooperation Programm,
project ENVIROBANAT, MIETC 1425. The data collected aadalyzed during the project implementation

were acquired from the Romanian National Air Quality Monitoring Network and National Automatic Air Quality
Monitoring System of the Republic of Serbia. The data were collected starting with November 2013 and the
presented analysis covers a fourth month period, from November 2013 to February 2014.

Key words: air quality, Banat, cooperation.

INTRODUCTION

Air pollution knows no political boundaries and pollution management and joint effort by the
governments taontrol and reduce the impact of pollutants on a regional basis, for fully integrated and
cooperative approach of air quality issues are needed. According to the ambient air quality assessment
and management standard in the EU expressed by Air Qualityetw@ Directive 96/62/EC a
specific contribution must be enhanced, especially in border regions. Entering partnerships with
regional Universities to help establishing commuting plans and find alternative ways to preserve the
common history and touristy e from pollution is the contribution of the project to UN Treaty on
long-distance tranboundary air pollution. Presently the European Pollutant Release and Transfer
Register was created. Project data will complete it, contributing to transparency aliw pub
participation in environmental decisionaking.

Anthropogenic pollution is mainly caused by industry. The Banat region is heavily industrialized on
both sides (Romania and Serbia) with major mining industry, shipyards, rubber industry, copper and
iron industry, all with high pollution potential. This makes the industry our target group. The best way
to reduce the crodsorder pollution is to involve the industry in environmental aspects of life and to
make them understand that a better economic situadi insufficient if not completed with a better
environment in order to have a better life.

Transboundary pollution is a natural phenomenon, specific to vicinity regions, generated by national
sources, under the influence of shared climate. The speaifjet regions (two counties) share the
footprint of both nations and are of joint interest concerning raising the environmental awareness.
During the ENVIROBANAT project, air quality data were collected from air quality monitoring
station located in seval important regional cities, as Zrenjanin, Timisoara, Pancevo, Resita, Kikinda,
a.o.Timisoara was first mentioned as a place in either 1212 or 1266. The territory later to be known as
Banat was conquered and annexed by the Kingdom of Hungary in 1i@8808ra grew considerably
during the reign of Charles I, who, upon his visit here in 1307, ordered the construction of a royal
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pal ace. Timisoarads i mportance also grew thanks
the Banat plain. JohKkunyadi established a permanent military encampment here, and moved here
together with his family. In 1552, Ahmed Pasha conquered the city with a 16,000 Ottomans and
transformed it into a capital city in the region. Timisoara was the first mainland Eoropeto be lit

by electric street lamps in 1884. It was also the second European and the first city in what is now
Romania with horse drawn trams in 1867. Gustave Eiffel, the creator of the Eiffel Tower in Paris, built
one of Ti mi soar thé Begaf River.tAccordinggoetise last\Remanian census, from
2002, there were 317,660 people living within the city of Timisoara, making it the fourth most
populous city in Romania. However, today Timisoara is the second important industrial and economic
node, after Bucharest.

Zrenjanin is a city and municipality located in the eastern part of Serbian province of Vojvodina. It is
the administrative center of the Central Banat District of Serbia. In 2002, the city's population was
79,773, while the Zrenjanimunicipality had 132,051 inhabitants. Zrenjanin is the largest city in the
Serbian Banat, the third largest city in Vojvodina (after Novi Sad and Subotica) and the sixth largest
city of Serbia. Economical, scientific and cultural cooperation betweenadierand Timisoara is at

hi ghest | evel and the two cities are officially
City of the Future and, in 2008, the World Bank ranked it first among the cities/towns in Serbia with
regard to the overabrganization of its business environment. Its development has lasted for almost
seven centuries, because, as a settlement under the name of Becskerek, it was first recorded in
historical documents way back in 1326. Numerous branches of industry arepgelvahd the most
significant ones are the following: Food industry, Textile and leather industry, Metal industry,
Chemical industry, Oil and natural gas production, Civil engineering, Traffic / Transport.

RESULTS

During the ENVIROBANAT project implemeation the data on air quality were collected from the
Romanian National Air Quality Monitoring Network and National Automatic Air Quality Monitoring
System of the Republic of Serbia. The data were collected starting with November 2013 and the
presented amgsis covers a fourth month period, from November 2013 to February 2014. However, on
the project webpage the AQM database of the Banat area are available from November 2013 to June
2014. www.envirobanat.ro

The CO, NO, NO2, O3, SO2, PM10, Benzene, Toluefigene (Oxylene, Mxylene, Rxylene),
Etilbenzene concentrations in ambient air are measured and available at 1 hour mean concentration.
A view of the Banat area and AQM station coverage is presented in figure 1.
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Figure 1. Locations of Romanian aBerbian air quality monitoring stations & view of Timisoara
AQM stations
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In the printscreen below, a representation of the developed ENVIROBANAT database is presented, in
the view the TM5 Timisoara station air pollutant criteria measurements. Howewuerthe
www.envirobanat.ro all the data from all the AQM stations can be downloaded at user disposal, in
adobe acrobat extension files.

A B C D E F K L M N

1 Stotion location: Timis county, Timisoara, Aradulul Way, Bl, 34, FN

2 Owner: Romanian Agency for Environmental Protection

3 Station Code: ™-5

4 Data stotus: Not validated

5 Coordinates: 45°36'39.49" N r

D- e EFANPM

7 Type of dato: public

8 Source: www.calitateaer.ro

9

10 'Data S02 NO NO2 NOx PM10 Benzen Toluen O-xylen Etilbenzen M-xylen P-xylen CO BTX

11 pg/m*  pg/m'  pe/m’  pg/m’  pg/m’ pgm' pg/m’ pg/m® pg/m’ pg/m'  pg/m'  mg/m'  pg/m’
835 16/12/13 8:00 1135 46.42 70.05 141.22 22.87 0.46 0.62 o 0.63 043 0.66 2.88
836 16/12/139:00 143 12315 7435 26317 79.16 0.62 0.6 0.73 0.7 0.62 0.7 3.42
837 16/12/1310:00 1474 123,07 7232 261.02 50.55 0.49 0.62 0.53 0.42 0.66 0.58 2,88
838 16/12/13 11:00 12.66 61.13 66.3 159.54 36.84 0.51 053 0.63 0.42 0.74 0.78 319
839 16/12/13 12:00 10.74 18.43 53.15 814 21.35 0.55 0.59 0.64 0.5 0.87 0.7 335
840 16/12/13 13:00 10.37 14.38 47.24 69.29 20.06 0.55 0.51 0.83 0.7 0.81 0.71 341
841 16/12/1314:00 10.16 12.77 4472 64.31 20.12 0.53 0.74 0,74 0.65 0.64 0.53 3.18
842 16/12/13 15:00 10.14 11.02 36.1 53 16.81 041 0.66 0.62 0.52 0.77 0.56 3.02
843  16/12/13 16:00 9.97 12.54 42.58 61.81 17.62 0.58 0.57 0.68 0.8 0.89 0.68 34
884 16/12/1317:00 10.31 17.49 46.35 73.16 20.25 0.42 0.53 0.7 0.63 0.76 0.69 31
845 16/12/1318:00 10.73 2137 50.78 83.55 25.32 0.57 0.74 0.69 0.69 0.83 0.65 3.48
846,  16/12/13 19:00 10.26 15,57 50.13 74.01 26.59 0.5 0.62 0.7 0.62 0.7 0.66 3.19

BTX | €O | NOx | PM10 | SO2 | T™-1 | TM-2 | TM4 | TM5 | TM6 | CS-1 | ¢33 | sT | vOo | | ZR ®

Furthermore, in the graphs below the comparative results are presented for criteria pollutants. The
graphs were comptl with available data from all air quality monitoring stations, depending on data
availability.

NOx (NO+NO2) concentration in ambient air - Banat area - Nov.2013 to Feb.2014

450
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— ™5
400 —Cs1
—sT
350
300
250
200
150 |
100
50
0
11/11/130:00 1/12/130:00 21/12/130:00 10/1/140:00 30/1/140:00 19/2/140:00 Time

Figure 2. Nov.2013 Feb.2014 comparative results for NOx concentrations
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- SO2 concentration in ambient air - Banat area - Nov.2013 to Feb.2014
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Figure 3. Nov.2013 Feb.2014 comparative results for SO2 concentrations
i PM10 concentration in ambient air - Banat area - Nov.2013 to Feb.2014
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Figure 4. Nov.2013 Feb.2014 comparative results for PM10 concentrations
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BTX concentration in ambient air - Banat area - Nov.2013 to Feb.2014
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Figure 5. Nov.20138 Feb.2014 comparative results for BTX concentrations
CONCLUSIONS

To conclude, one can observe that during the ENVIROBANASustainable development of an
resarch center in Banat region and Danube flow area through scientific research and environmental
simulation tools to asses and evaluate potential thirgatgect the joint research team (Romanian and
Serbian scientists) manage to collect and analyze rieehour mean concentrations for criteria air
pollutants in the Banat region. The CO, SO2, NO, NO2, (NOx) 03, SO2, PM10, Benzene, Toluene,
Xylene (Oxylene, Mxylene, Pxylene) and Etilbenzene concentrations in ambient air were analyzed
and all the data nie available for any interested parties by means of project webpage
www.envirobanat.ro. Analyzing the obtained graphics one can observe that there are some issues
regarding the Banat environment. Most important seems to be the concentrations of BTX arid PM1
ambient air. The BTX (benzerteluenexylene) high emissions release occurs frequently in the Banat
region with large refineries and petrol based industry. Action plans for BTX emission reductions are
enforced on both sides of Danube and one can hmgtethe reduction measures planed will be
successfully implements, for a better Banat environment and increased quality of life.

Sever al exceedances of PM10 concentrations in at
of the AQM stationsnonitored. Part of the PM10 concentrations are caused by industrial activity and

road traffic, however, looking at entire Balkan Peninsula (wwaglgopa.eu) one can observe that the

PM10 issue is generalized at the entire peninsula. More studies anghestgzuld be conducted, as

its seems to be a more complex problem and probably the PM10 (dust in general) concentrations are
influenced by natural conditions and environment of Balkan area.
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ABSTRACT

Nowadays, the studies involginthe use of renewable sources of energy are in a continuous stage of
development in regard to different theoretical and experimental ways of approach. In the context of global crisis
it is imperative to obtain solutions connected with new ways of caaitalh of existing sources (wind, hydro,

solar, biomass). In this context, biomass residues are of great potential connected with different used
technologies, one of them being biogas production in during the anaerobic fermentation process. Degradation is
an important part during the process of obtaining biogas and because of this the presented study underlines
some of the characteristics of two different sorts of vegetal biomass, in regard to their physical and chemical
properties and behavior during theaerobic fermentation process.

Key words: anaerobic fermentation, biomass residues, degradation process.

INTRODUCTION

The use of biomass has for millennia helped human society to fulfill many of its fundamental energy
needs, such as for the productimfirgoods, cooking, domestic heating and the transport of people and
goods (Chen et. al, 2008).

Biomass is rich in carbon but is not yet a fossil material. All plants and animals in the ecological
system belong to biomass. Furthermore, nutrients, excremedtbio waste from households and
industry is biomass (Deublein, 2008).

The International Energy Agency (IEA) has projected an increase in primary energy demand of 1.6 per
cent per year until 2030, when the cumulative increase will be equal to hatfeficdemand.

At the same time, concentrations of greenhouse gases (GHGS) in the atmosphere are rising rapidly,
with fossil fuelderived CO2 emissions being the most important contributor. In order to minimize
related global warming and climate changgpacts, GHG emissions must be reduced to less than half

of global emission levels of 1990. Another important global challenge is the security of energy supply,
because most of the known conventional oil and gas reserves are concentrated in politiedilg unst
regions. In this context, biogas from wastes, residues, and energy crops will play a vital role in future
(Weiland, 2009).

Anaerobic digestion is considered to be the process of decompaosition of organic matter by a microbial
consortium in an oxygefree environment. It is a process found in many naturally occurring anoxic
environments including watercourses, sediments, waterlogged soils and the mammalian gut. It can
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also be applied to a wide range of feedstock including industrial and municipal watstes,
agricultural, municipal, food industry wastes, and plant residues (Ward et. al, 2008).

The biogas is formed during the decomposition process of the organic substrate with the help of
different types of bacteria (Eder et. al, 2007)

Biogas can be mpduced from nearly all kind of biological feedstock types, within these from the
primary agricultural sectors and from various organic waste streams from the overall society (Holm
Nielsen et. al, 2009).

Biogas is produced in different environmerdsy., in landfills, sewage sludge and biowaste digesters
during anaerobic degradation of organic material. Methane, which is the main component of biogas, is
a valuable renewable energy source, but also a harmful greenhouse gas if emitted into theratmosphe
Methane, upgraded from biogas, can be used for heat and electricity production or as biofuel for
vehicles to reduce environmental emissions and the use of fossil fuels (Rasi et. al, 2007).

The biogas production process is complex and sensitive séveeas groups of microorganisms are
involved. The important processes in anaerobic digestion are hydrolysis, fermentation, acetogenesis,
and methanogenesis, where hydrolysis is subject to the fermentation process, while acetogenesis and
methanogenesis alieked (Karellas et. al, 2010).

Related with the industrial applications of this process, in Romania there are not in use today any
biogas plants for vegetable waste (cellulose) in the absence of technology, not the raw material that is
available in conslerable quantities.

EXPERIMENTAL

The research was made on a small scale installation designed and created for experimental studies
related to the behavior of different types of biomass residues during the process of anaerobic
fermentation.

In this paperthere will be presented two types of materials, corn cobs and barley, with some
determined chemical and physical properties and their behavior, during the influence of the main
parameters of the process (temperature and pH) from the point of view cégredation process.
Images were carried out in order to visually determine the evolution of the degradation during time
over a period of 40 days for each batch of material.

In Figs. 1 and 2 there are presented the materials used for the batches.

Figure 1. Corn cobs
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&

Figure 2. Degraded barley
Table 1 presented the chemical characteristics of the two types of biomass residues.

Table 1: Chemical characteristic of the two types of biomass

Water content  Ash content Net calorificvalue
No| ~ Sample [%] (db) [%] (db) [MJ/kg]
1 | Corn cobs 19,7 3,6 17,2
2 | Degraded barley 12,4 3,2 16,9

In Fig. 3 there is presented the schematics for the small scale installation.

Figure 3. Schematics of the small scale installation
17 glass reactor with a total volume 6fl; 27 magnet placed on the bottom of the 6l glass reactors for
magnetic stirring; 3 small glass reactor for biogas washing with water, with a total volume of 500 inL; 4
thermocouple; 5 pH sensors; 6 system for pH correction and sample collectig pH controllers; 8i
temperature controller; 9 gas bags for biogas samples; iLpressure gauges; Iilheating system.

In the next part, the process involved inside the installation is presented: inside the glass reactors (1)
are inserted a serfliuid suspension composed from figeanulated biomass and water. Each glass
reactor has on the bottom part a magnet (2) used for the magnetic stirring process in order to have a
relatively homogenous material. From the glass reactors, the formed biogpassiiinto the smaller

glass reactors (3) half filled with water in ord
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Each of the glass reactors (1) has inside a pH sensor (5) which is controlled with pH controllers (7),
and also a thermocouple (4) controllgih the help of a temperature controller (8) in order to assure

the necessary temperature for the process. The installation is equipped with special gas bags (9) in
order to take samples if necessary and pressure control with the help of pressurélfaugesise of
overpressure.

The temperature regime is assured with the help of the heating device (11) which allows 2 batches to
be analyzed separately. The installation was built in order to support two batches of material under the
same temperature gditions in order to better observe and make comparisons over the general
particularities of each used material.

RESULTS AND DISCUSSION

During the anaerobic fermentation process, the main reaction having as a result the biogas production
is given by the microbial degradation of the formed biomass during the photosynthesis from solar
energy (Weiland, 2009).

6C0O2 + 6H20 + Es (solar energy) C6H1206 + 602 Q)

The process converts plant metabolic compounds in the following products:
Carbohydratesstarches, insulin, cellulose, sugar, pectin

Fats- fats, fatty acids, oil, phosphates, carotene, waxes

Protein- Protein, nucleoproteirphosphoprotein

Other- Vitamins, enzymes, resins, toxins, essential oils.

During the anaerobic fermentation process there was studied the variation of the main parameters
(temperature and pH). In Figs. 4 and 5 there are presented daily variation fqratarseters.
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Figure 4. Temperature variation during the anaerobic fermentation process

From Fig. 4 it can be observed that the average
chosen temperature regime being the mesophilicone33®@ UC) .
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Figure 5. pH variation for the two batches of material

Related to Fig. 5 it can be observed that the pH variation has a different pattern for each batch with
peaks varying from 4 to 11, implying the necessity of adding correction liquid in the first phas
(because of the general tendency for an acid regime) and also during the stabilization process for
having a value between 6.5 and 8 for each batch of the material. After the firseASlays the
process is relatively stable in the neutral zone of éster

In Figs. 6 and 7 there is presented the degradation process during a 40 days period for the two
analyzed batches through the means of visual observations with the help of a microscope.
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e
Figure 6. Corn cobs, phase 1(arttement 6X); Corn cobs, phase 2 (enhancement 30X); Corn cobs,
phase 3 (enhancement 10X); Corn cobs, phase 4 (enhancement 20X); Corn cobs, phase 5
(enhancement 50X).

e
Figure 7. Degraded barley, phase 1 (enhancementB&jraded barley, phase 2 (enhancement
30X); Degraded barley, phase 3 (enhancement 10X); Degraded barley, phase 4 (enhancement 40X);
Degraded barley, phase 5 (enhancement 15X)
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In Figs. 6a and 7a are presented the materials in the initial phase, withcdg¢gragation process
occurring. Figs. 6b and 7b are made after 10 days, time in which the pH is relatively low and the
material is starting to deteriorate. In the photos it can be observed that the general structure of the
material is still the same. Fige @nd 7c underline the degradation process after another 10 days, time

in which the material starts to deteriorate; as it can be seen the density starts to decrease and the
material loses its color partially. After another 10 days of fermentation (Figaddd) there can be
observed traces of the particles contained in the pH correction liquid together with bacteria formations

on the entire surface of the material. The color has almost disappeared and the general density of
material is decreasing.

The last phase of the study, after 10 days (Figs 6e and 7e) is connected with almost total lack of color
on the batch material and there are parts of material almost entirely degraded together with material in
course of degradation. This fact suggests that tkeaepreferential behavior of the involved bacteria

for the general structure of material.

In many practical cases, the connection between two or more parameters which are describing a
certain process is sufficiently restraint so the variation of onanpter can be controlled and
expressed based on the variation of the other parameters. The functional connections of this type are
called probabilistic connections. The study related with this type of connections was linked with the
development of the muie correlation theory.

For an accurate description for the pH variation with temperature and time it was proposed a
polynomial equation of second degree expressed by equation 1 (Todinca et. al, 1999), (Borse, 1997).

Y=, +a X+ X8y XX +a, X A X 1)

where: aii equation coefficients;
y T pH;
xlitemperature [ UC]
X217 time, [days].
The coefficients values in the case of second degree polynomial regression are corresponding to the
minimum of the function (Eq. 2):

SZZ(% —(ap ta X +a, Xy, +a3'x12j +a, - X5 - Xy +as'X§j))2
®)
Through annulment dhe partial derivates of S function in connection with ai coefficients, resulted a

linear equations system. The coefficient matrix for the system A and the free coefficients vector, B
(Eq. 3):
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Using MATLAB, a mathematial highlevel programming language and interactive environment, the
eguation system was solved and there were analyzed the experimental data.

The obtained data together with the generated surfaces from the statistical mathematical models are
presented iffrig. 8.

timet, [days]

Figure 8.pH evolution in connection with temperature T and time t for the batch containing corn cobs
and degraded barley

From the graphics it can be observed that the pH variation has an evolution form acid to neutral or
basic levels in timeThis process can be explained by the characteristic pH values connected with the
phases from which the material starts to degrade (acid phase) until the biogas production where the
degradation process is much more intense and the pH tends for a ndightlbasic value. Also, in

order to assure a corresponding value, during the process was used correction liquid (lime based
suspension).

The equations for the obtained mathematical statistical models after the linear multiple regressions are
presented iTable 2. They are valid on the studied field of values.

Table 2: Equations of the obtained statistical models
Batch Equation for the statistical mathematical model

Corn cobg degraded barley | y = 153,261 8 , 8% AR ,,i409, AOxQA% GA x F°1B0A,x0 & 5 /

After the computation of the model coefficients it is necessary to make a comparison between model
predictions and experimental data. For adequacy indicators there were used the dispersion and R
correlation coefficient (Table 3).

- dispersionEqg. 4) :

4 2
2.(Viexp— Yicalc)
2 =1

c° =1

n-1 (4
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- R correlation coefficient (Eq. 5):

Z i ~ Yicalc
R = _i=l
n 00 =
Z (I —y_
i=1 (5)
Table 3:Adequacy indicators for determined statistical model
Dispersion, Correlation
Batch Vg coefficient, R
Corn cobg degraded barley 0,5728 0,7580

The values for theresented adequacy coefficients in Table 3 are indicating a satisfactory correlation
between the determined statistical model and experimental data. This confirms the fact that obtained
mathematical equations describe with sufficient accuracy the pH evoiat time as a function of
temperature.

CONCLUSIONS

Main parameters of influence on the anaerobic fermentation process are the temperature at which the
process is done, the pH of slurry, the chemical composition of the alstaged and the biomass
nature.

The degradation process involved together with the anaerobic fermentation is one of the most
important factors that are to be kept in mind related with quantities aaldiepifor the obtained
biogas.

For each batch of material the behavior hiotherms of pH and degradation is different, connected
with the general structure which can be affected and process duration.
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ABSTRACT

During the vulcanization process secondary amines mixture is formed. The secondary amines in the presence of
nitrogen oxides form Mitrosamines. The tire industry is trying to reduce the content-pitrisamines in
rubber products. This paper presentsngmunds that can be an alternative to hazardous substances.

Key words: N-nitrosaminessecondary amines, replacement

INTRODUCTION

The secondary amines in the rubber industry are present and there is a need to eliminate them. N
nitrosamines, in the hber industry, argeneratedSpeigelhalder et al., 1983; Rounbehler et al.,
1983) They are formeduring mixing, milling and blending of natural rubber or synthetic elastomers,

or of natural rubber and synthetic polymers combined with chemicals, and in the processes which
convert the resultant blends into finished products or parts thdte@fresulthg amines influence the

speed production, the crosslinking reactions, which, depending on the amine structure can accelerator
the technological process. AllowablerNi t r osami nes concentration in tbh
in the air(Dost et al., 200; De Vocht et al., 200/Kataokaet al., 1996) Ventilation is a possible
solution. Nnitrosamines in rubber depend on the stabilization materials, regulators and substances
used in polymerization termination. Rubber can contain differenittdsamines mounts and in the

range from 2 to 380 ppb. Nitrosamines that are use in the rubber industry are presented in the Table 1.

Table 1:N-nitrosamines commonly detected in workplace air

. , Abbreviated [ Chemical | Molecular | Chemical Structure
N-Nitrosamine .
Name Formula Weight
N-Nitrosodimethylamine NDMA C,HgN,O 74 (CHs) -N-N=0O
N-Nitroso-n- NMEA C3H8N20 88 CH3'CH2(CH3)‘N‘N=O
methylethylamine
N-Nitrosodiethylamine NDEA CsH1oN,O 102 (CHs-CH,),-N-N=0
N-Nitrosodin- NDPA C6H14N20 130 (CHg-CHz-CHz)z'N-
propylamine N=0O
N'NitrOSOdi'n'bUtyIamine NDBA CnggNzo 158 (CHg-CHz-CHz-CHz)z-
N-N=O
N-Nitrosodiphenylamine] NDPhA CioH10N,O 198 Ph-N-N=0O
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N-Nitrosomorpholine NMOR C.4HsN,0, 116 O-(CHy>-CH,)(CH,-
CH,)-N-N=0O

N-Nitrosopiperidine NPIP CsH1gN>O 114 CH,-(CH,-CHy)(CH,-
CH,)-N-N=0

N-Nitrosopyrrolidine NPYR C.HsN,O 100 (CH,-CH,)(CH,-CHy)-
N-N=0O

POSSIBLE SOLUTIONS

The accelarator used in the production of car tires is benzott@anphenemorpholide which during
vulcanization process forms morpholine. Nitrosylation of morpholine generates the N
nitrosomorpholine.

The accelarator, known under the name VPKA 9% #4ch is benzothiazy?-tert. amylsulphenamide
is a derivative of the primary amine (Figure 1.).

! 7
CE\\HMC%
< L)

Figure 1.Structure of benzothiazgttert. amylsulphenamide

Benzothiazyl2-tert. amylsulphenamide with the natural rubber gives better vulcanizatiopared to
benzothiazy2-sulphenmorpholide. Differences in the rate of vulcanization between these two
accelarators differ slightly. During vulcanization at 450the vulcanization is slightly shorter when
benzothiazyl-tert amylsulphenamide is usedotB products provide the same elasticity quality.
When mechanical properties are considered there is no significant difference. Elastic properties of
benzothiazy2-tert. amylsulphenamide is reflected in the dynamic damping determined by Roelig.

REPLACEMENT FOR THIOCARBAMATES
Zinc dithiocarbamates which are used in the solid rubber production and latex are a group of

compounds which produce -Ntrosamines. These compounds can be replaced with zinc
dibenzyldithiocarbamate and zinc diallyldithiobamate (Figure 2.).

Figure 2.Structure of zinc dibenzyldithiocarbam@édt) and zinc diallyldithiocarbamatéight)

Zinc dibenzyldithiocarbamate is an exception among dithiocarbamates. It creates a secondary amine
which is difficult to undergo theeaction of nitrosylation compared to the other dithiocarbamates.
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Replacement can also be found among dithiocarbamate derivatives of dithiophosphoric acids: copper
and zinc dialkyldithiophosphate.

REPLACEMENT FOR THIURAM

Thiurams are used as accelaratorthe vulcanization and as sulfur donors. Possible replacements are
shown in Figure 3. For twthirds of thiurams there is yet no adequate replacement.

N
{ CEg) N—S—S—N/ﬁ?a{g} s

Figure 3.Some of the possible replacements for thiurams as sulfur donors
CONCLUSION

N-nitrosamines, in the rubber industry, have set up an application for finding appropriate technological
substitution. Presented compounds are possible solutions for loweriiggoBhmines quantities.

In this paper, the emissions of different rubber coumuls that can occur during mixing and
vulcanization processes were discussed. In order to reduce or to eliminate the hazardous emissions,
several substitutes are recommended as replacemitroslamines are still an ongoing issue in the
rubber industryln some countries, the latest regulation permits a maximum atmospheric concentration
of regulated Nhitrosamines of only 1 mgfh For reducing or eliminating the -hitrosamines,
accelerators that can be used and do not produt&déamines are dithiopephates or accelerators

that generate neregulated Nnitrosamines like zinc dibutyldithiocarbamate.
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ABSTRACT

In this work we investigated adsorption properties of sumanene towards carbon monoxide (CO) molecule
employing density functional theory (DFT) calculations. CO is common atmospheric pollutant which is hardly
adsorbed by nomodified carbon based structuresuch as carbon nanotubes. However, after certain
modifications and fictionalizations, carbon nanotubes are able to detect this pollutant. Sumanene belongs to
group of mol ecul ar -bbwisiwwhich carabe sansidkredoas fragnzest of ‘fulleseand

carbon nanotubes. Due to its geometry, sumanene has two different surfaces and positive adsorption properties
towards CO molecule, even when it is not modified. Thanks to its benzylic positions there are still a lot of
possibilities to improve adsption properties towards CO, and other, molecules.

Keywords;:sumanene, car bon mon-bowis.d e, adsorption, DFT,

INTRODUCTION

Sumanene belongs to a group of molecules known as buckybowls-fowls, molecular bowls)

which was synthesized in 20Q08. Its main structural characteristics include three benzylic locations

and two different surfaces with different adsorption properties. The first one is very important for
modification possibilities thanks to the three spBoons, while the later one turned out to be crucial

for adsorption properties, since more negative charge is located at the concave part of sumanene
molecule. Another important fact related to the structure of sumanene is that it can be considered as a
model compound of fullerenes and nanotuf®s

Sumanene also has sign#it importance for the field of environmental protection. In our recent
study [3] we have demonstrated positive adsorption properties of sumanene towards common
atmospheric pollutants, such as CO, CO2, NH3. Sumanenes ability, according to our computational
study, to adsorb CO molecule without modifications is what makes this moleculel spiéh regard

to nanotubes and fullerenes, which cannot detect CO molecules without further functionalization.

We have shown that electrostatic interaction is principally responsible for positive adsorption
properties of sumanene towards CO molec8amanene also possesses relatively high dipole
moment[4], thanks to which it is possible to induce dipole moment in other molecules and to adsorb
them. Suchmechanism of adsorption is demonstrated by Scanlon®&t@]land in our recent study as

well [4].

Possible modifications of sumanene molecule include substitution of benzsthiencatoms with
nitrogen atoms. This type of modification was investigated in our gapeburing hese studies it

was concluded that dipole moment significantly increase with substitution of benzylic carbon atoms
with nitrogen atoms.
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As stated earlier in our papgf] the introduction of nitrogen atom affects the bowl shaped geometry

of sumanene. Namely, the bowl depth increases and directly consequences ttoetimoviiinversion

of sumanene. Besidstructural changes the most important change is related to dipole moment, which
increases for around 50%. This fact guided us to investigate the adsorption properties of sumanene
modified with nitrogen atom towards the CO molecules.

COMPUTATIONAL DETAI LS

For all DFT calculations we used three parameter Becke, Lyp and Par exchange functional (B3LYP)
[8, 9]. A 6-31G(d,p) basis set was employed. All investigated structures were geometrically optimized
at the mentioned level of theory. CO molecules were placecdeabevcentral skmembered ring of

the sumanene from concave side after which geometrical optimization was performed.

Adsorption energy was calculated according to the following expression:

Ead = ESumanené:O - ESumanen@ ECO (1)

where Eyo1ecule Stands for the total energy of CO molecule, W Eghanenco 1S total energy of a
system consisting of Sumanene and CO molecule.

All DFT calculations wee carried out using Jaguar, versionBlBlas i mpl emented i n S
Materials Suite, release 2084 Since these are initial results concerning the improvement of
sumanene adsorption properties, basis set superposition error (BSSE) is not treated.

RESULTS AND DISCUSSION

Geometryof sumanene modified with nitrogen atom (sumanene@N) in this work ia presented in
Figure 1. Introduction of nitrogen atom affected the geometry of sumanene, leading to significant
changes of bowl depth. These changes of bowl depth are in agreement wéi$utteeof Sastry et. al.

[11] where they concluded that the bowl depth ofeh@buckybowls is affected by the size and
location of the substituting atom. Thus, the monosubstitution with larger substituents tends to flatten
structure compared with the regular sumanene and vice versa.

Figure 1. Geometry of system sumanene@N + CO
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Introduction nitrogen atom not only affected significantly the structural parameters, but also the charge
distribution. This led to the significant increase of dipole moment. Dipole moment is very important
for mechanism of physisorption, since the molecwith high dipole moment can induce dipole
moment in otherwise nepolarized moleculg5, 6]. Calculated dipole moment of regular sumanene is
1,93 D as shown in our pappf]. This is relatively high value which is responsible for positive
adsorption properties of sumanene towards [BJO However, after introduction of nitrogen atom,
dipole moment of sumanene significantly increased, as presented in Table 1.

Table 1: Dipole moments and bowl depth of regular and nitrogen modified sumanene

Structure Dipole momen{D] Bowl dep
Sumanene 1,93 1,13
Sumanene@N 2,90 1,20

It can be seen in Table 1 that after modifications of sumanene with nitrogen atom dipole moment
increased significantly to the value of 2,9 D. Thus, the increase in dipole moment is aroutd 50

In order for some structure to be suitable for adsorption, it is essential to have suitable range of
adsorption energies. When it comes to the adsorption of CO molecules it is preferred to have as high
as possible adsorption energy in order to effitieeliminate CO from environment. Adsorption
energy of regular sumanene towards CO moleculeD,83 kcal/mol and can be improved after
modifications of benzylic positions, due to the increase in dipole moment.

Table 2: Binding energies of sumanene #dadlerivate with nitrogen atom

Structure Binding energy [kcal/mol]

Sumanene -0,83
Sumanene@N -2,38

It can be seen that the interaction between sumanene and CO molecules is significantly improved after
modifications of sumanene nitrogen atom. Namfgythe case when sumanene is modified with one
atom of nitrogen adsorption energy is almost three times higher than for regular sumanene!

CONCLUSION

In this work we demonstrated that adsorption properties of sumanene could be improved with the
substitaion of its benzylic positions with nitrogen atom. Better adsorption properties are result of the
increased dipole moment due to the different charge distribution after substitution of sumanene's
benzylic positions. Increased dipole moment of sumanen@impithe interaction with CO molecules

and the adsorption energy is higher, especially for the case when nitrogen atom is introduced at
sumanene's benzylic position. The obtained adsorption energies correspond to the mechanism of
physisorption so it can beoncluded that the electrostatic interaction between sumanene and CO is
principally responsible for positive adsorption properties of this organic molecule.
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ABSTRACT

In this paper the authors studied the synergy of the legislative and the actual state of protection of fuels quality
on the basis of exact parameters due to the territory of the Republic of Sesbéssing the quality of legal
provisions and their applability, pointing to possible failures in legislation and in implementing these
provisions.In the Republic of Serbia, liquid fuels have been produced since 2013, according to EU standard
requirements. Besides, the consistent application in practice idedeeémprovement of monitoring of fuel
quality and ensuring transparency and accessibility of information.

Key words: legal protection, environmental, fuel quality, Serbian law, EU legislation.

INTRODUCTION

Nowadays ecological policies take an important place in the activities of European Uratiic
considerably influences on the environmental because a high percentage of air pollution comes from
mobile sources. The main polluters mobile sourcescadon oxide (II) CO, nitrogen oxideNO,,
hydrocarbonsleadin the formof their organic compoundsas well asphotochemical smogpecial

shape aldehydes, ketonesnd particlesSo, traffic represents a significant pollution source although
efficient and fexible system is a base for economy and quality life for every country. Transport is
today fuelled to a very large extent by oil. This situation has implications on energy policy, but it is
also of great relevance from an environmental perspective, natalw of climate change.

The authors in this paper present the most important EU regulations in the field of legal protection of
fuel quality as one specific issue within environmental protection. Through analysis of European
legislation the authors pu at normative framework that is being implemented in legislation of
Republic of Serbia. Special attention is focused on legislation of Republic of Serbia related to this
field by studying the level of harmonization of Serbian regulations of fuel qadity with European
legislation.

EUROPEAN LEGISLATION ON FUEL QUALITY

With regard to the importance which air quality has, this question is regulated in the legislation of
European Union. The Directive on Cleaner Air for Europe (2008/50/CH F fegtablishes
harmonized health standards for polluting substances in air which arouse greater concern. This
Directive requires from governments to define air quality zones which cover the whole country.
Boundaries between the zones are determined accdalithg density of population and criteria of
exposure. If the standards are not satisfied, plans for air quality management have to be defined, and
by the authorities at the very level which are competent for particular zone, whose object is to reach
the quality standard on the territory of the zone in the shortest time possible. Dir@gt8.EEC on
Integrated Pollution Prevention and Control (IPRClpeing applied on industrial and other facilities

and activities which are classified according to thesl of pollution and the risk these activities might

have for the health of people and the environment. General framework for regulations in the area of air
quality is the directive of the Council 96/62/EC on assessment and management of air quality which
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has been adopted by Serbian law. By means of this directive a list of polluting substances among
which there are SONGO,, CO, patrticles, lead, ozone, cadmium, arsenic, nickel, mercury, and benzene
is established and maximum allowed concentrations arhefurdefined. Significant are the
directives which refer té\ir Quality and Daughter Directives (SONO,, Pb)1 99/30/EEC
Volatile Organic Compounds 99/13/EC Quality of Fuelsi 98/70/EEC Emissions of Non

Road Mobile Machinery 97/68/EC CarbonDioxide and Other Greenhouse Gas Emissions
93/389/EEC Emission from motor vehicle§ 70/220/EEC. Council Decision 97/101/EC
establishing a reciprocal exchange of information and data from networks and individual stations
measuring ambient air pollutiomithin the European Union (Exchange on Information decision (EOI)

on Air) held of 27 January 199%. Communitywide procedure for the exchange of information and
data on ambient air quality in the European Community is established by the Council Decision
97/101/EC. The decision introduces a reciprocal exchange of information and data relating to the
networks and stations set up in the European Community to measure air pollution and the air quality
measurements taken by those statidRsduction of sulfuroxides pollution(SG,) in the European

Union was achieved biynplementatiorof EU legislationon limited pollution from largecombustion
plantsandby implementation of standard$low sulfur contenof the fuelfor transports.

In the group of regulationfor protection from air pollutioirom mobile sources are al&uropean

Union regulated to quality of fuels and discharging cars waste goses ffommcil Directive
1999/32/EC relating to a reduction in the sulfur content of certain liquid fuels and ag®idictive
93/12/EEC Amended byRegulation (EC) No 1882/2003, Directive 2005/33/EC, Regulation (EC) No
219/2009, Directive 2009/30/EDOirective 1999/32/EC on reduction of sulfur content of certain liquid
fuels aims to reduce the emissions of sulfioxidie resulting from the combustion of certain types of
liquid fuels and thereby to reduce the harmful effects of such emissions on man and the environment.
These reductions in emissions of sulfur dioxide shall be achieved by imposing limits on the sulfur
content resulting from the combustion of certain types of liquid fuels as a condition for their use.
Petrol is a complex mixture of volatile organic compounds (VOCs) which readily evaporate into the
atmosphere where they contribute to several air paliygimblems. These include excessive levels of
benzene in ambient air and photochemical formation of ozone which is both an air pollutant and a
greenhouse gasDirective 98/70/EC of the European Parliament and of the Council of 13 October
1998 relating tothe quality of petrol and diesel fuels and amending Council Directive 93/12/,
Directive 2000/71/EC, Directive 2003/17/EC and Directive 1882/200&ctive 97/68/EC of the
European Parliament and of the Council of 16 December 1997 on the approximatihn@aofs of

the Member States relating to measures against the emission of gaseous and particulate pollutants from
internal combustion engines to be installed in-mmd mobile machinenamended by: Directive
2001/63/EC, 2002/88/EC and Directive 2004/Z6/Ehe norroad mobile machinery (NRMM) sector
covers a large variety of equipment types which are used in many different economic activities such as
construction, agriculture, rail or inland waterway transport. Combustion engines used in this
machinery ag regulated byDirective 97/68/ECQwhich aims at reducing air pollutant emissions and
providing a harmonized basis fptacing these engines on tEeropean Uniommarket. Despite the

limits set by Directive 97/68/EC and its subsequent amendments, the NRbMM bas become an
increasingly important source of air pollution, in particular of,Md@d particulate matter. The overall
objective of the revision is to further contribute to the improvement of the air quality in Europe while
at the same time ensuritige correct functioning of the internal market. Neoad Mobile Machinery
(NRMM) covers a large variety of engine installations in machines used for purposes other them for
passenger or goods transport. Diesel and spark emission engines installed MRNBdesuch as
excavators, bulldozers, front loaders, back loaders, compressors contribute greatly to air pollution by
emitting carbon oxide (CO), hydrocarbons (HC), nitrogen oxides) B particudte matters. In line

with theEuropean Unioenvironmentapolicy it is theobjective to progressively reduce the emissions

and to phase out polluting equipment. Emissions from these engines are regulated before they are
placed on the market [®jx directives: the "motherDirective 97/68/ECthe amendmentBirective
2002/88/EC, Directive 2004/26/EC, Directive 2006/105/EC, Directive 2011/88/gUthe last
amendmentDirective 2012/46/EU For the various types of NRMM, the Directiwtipulates the
maximum permitted exhaust emissions as a function of the powes tfldvant engine. Moreover the
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Directive includes a series of emission limit stages of increasing stringency with corresponding
compliance dates. Manufacturers must ensure that new engines comply with these limits in order that
they can be placed on thearket. Directive 2005/55/EC of the European Parliament and of the
Council of 28 September 2005 on the approximation of the laws of the Member States relating to the
measures to be taken against the emission of gaseous and particulate pollutants from compression
ignition engines for use in vehicles, and the emission of gaseous pollutants from pgsitiva

engines fuelled with natural gas or liquefied petroleum gas for use in veh@smission Directive
2005/78/EC of 14 November 2005 implementing Direc2@85/55/EC of the European Parliament

and of the Council on the approximation of the laws of the Member States relating to the measures to
be taken against the emission of gaseous and particulate pollutants from comyjigessionengines

for use in veltles, and the emission of gaseous pollutants from positive ignition engines fuelled with
natural gas or liquefied petroleum gas for use in vehicles and amending Annexes |, II, Ill, IV and VI
thereto Directive (EC) No 715/20@7 the European Parliamentdanf the Council of 20 June 2007

on type approval of motor vehicles with respect to emissions from light passenger and commercial
vehicles (Euro 5 and Euro 6) and on access to vehicle repair and maintenance inforiiaison
regulation provides that Eurd Standards apply for registration and sale of new vehicles since 1
January 2011 and Euro 6 Standards from 1 January 2015.

The main effect of Euro 5 is to reduce the emission of particulate matter from diesel cars from
25mg/km to 5mg/km. Euro 6 will mdinreduce the emissions of N@om diesel cars further, from
180mg/km to 80mg/kmDirective 1999/94/EC of the European Parliament and of the Council of 13
December 1999 relating to the availability of consumer information on fuel economy and CO2
emissims in respect of the marketing of new passenger cars. Amended by: Commission Directive
2003/73/EC of 24 July 2003, Regulation (EC) No 1882/2003 of the European Parliament and of the
Council of 29 September 2003, Regulation (EC) No 1137/2008 of the EurBpd@ment and of the
Council of 22 October 2008. European Parliament and Council Directive 94/63/EC of 20 December
1994 on the control of organic compound (VOC) emissions resulting from the storage of petrol and its
distribution from terminals to servicgations Council Directive 72/306/EEC of 2 August 1972 on the
approximation of the laws of the Member States relating to the measures to be taken against the
emission of pollutants from diesel engines for use in vehicles

Dieseli fuel is one of thamain products of oil refining Shah, R, J, and al, 2003lt is distilled

bet ween 170 and 360AC, a n dVilley,eN, 2007 Qudility of fudliise s e | m
determined by cetane number (qual i tugesiodompleteght i n ¢
combustion and appearance of smoke in combustion gases. Ilts minimum is between 25 and 45
depending on the type of diesel fuel.Japan, cars with diesel engines are forbidden.(Wellington, B.F,

and al, 1995)High levels of sulfur in dieseare harmful for the environment because they prevent the

use of catalyticdiesel particulate filterdo control diesel particulate emissionas well as more

advanced technologies, such as nitrogen oxXiie,) adsorbergstill under development), to rece
emissiongU.S. Energy Information

Table 1: The level of sulphur in diesel

Emission standard at latest Sulphur content Cetane number
Euro 1 1. January 199¢ max. 2000 ppmr min. 49
Euro 2 1. January 199¢ max. 500 ppm min. 49
Euro 3 1. January 200: max. 350 ppm min. 51
Euro 4 1. January 200¢ max. 50 ppm min. 51
Euro 5 1. January 200¢ max. 10 ppm min. 51
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In the past, diesel fuel contained higher quantitiessdfur. European emission standardsd
preferential taxation have forced refineriesto dramatically reduce the level of sulfur in diesel fuels.

In th European Union the sulphur content has dramatically reduced during the last 20 years.
Automotive diesel fuel is covered in the European Union by stardrsO0In the 90's specifications
allowed a content of 2000ppm max of sulphur, reduced to a limit of 350pmm by the beginning of the
21st century with the introduction of Euro3 specifications. The limit was lowered with the introduction
of Euro 4 by 2006 to 50ppnJ{SD, Ultra Low Sulphur Dieel). The standard currently in force in
European Europe for Diesel Fuel is the Euro 5, with a maximum content of 1QTglbrl).

Led by Serbia, 15 countri es r o <3 rrankinglfacountrieEner gy
based on commitmenttolew sul fur content in diesel fuel . S
al | di esel di stributed in the country to be Afr
of August 2013The country joins 47 other countries that have adoptHdrdree diesel as a national

policy. (International Fuel Quality Center (IFQQ013

IMPLEMENTATION OF EUROPEAN LEGISLATION ON FUEL QUALITY IN REPUBLIC
OF SERBIA

In the Republic of Serbia, there is an ongoing process of harmonization wiButbpean Union
regulations. Laws like that regulate quality standards such as of fuel quality adwBipublic of
Serbia the quality of liquid fuels of oil origin is regulated by Rules on Technical and Other
Requirements for Liquid Fuels of Qil Origihereinafter: Rules)Based on of the Law on Technical
Requirements for Products and Conformity Assessment (Art.8/{@igter of Energy, Development

and Environmental Protection Republic of Serbia (MEDEP) passed the Rules which was not
harmonized witlthe Directive 1882/2003 and Directives 2005/35EU, 2003/17EU. By Rules technical
and other requirements are regulated related to liquid fuels of oil origin which are used as fuels for
internal combustion engines and as energy fuels on the market of Replullerbia (hereinafter:

liquid fuels), as well as the way of evaluation of liquid fuels conformity assessment. (Art.1.) Liquid
fuels according to these Rules are: unleaded petrol, aviation petrol, jet fuel, gas oil and fuel oil. (Art.
2.) Unleaded petrplaccording to the Rules, are all evaporative fuels of oil origin made for internal
combustion engines with force ignition which are used for motor vehicles and they are: EURO BMB
98; EURO PREMIUM BMB 95 and PREMIUM BMB 95. (Art. 3) By the Law on Ratificatof the

Treaty of establishing the Energy Communily and Albania, Bulgaria, Bosnia and Herzegovina,
Croatia, FYR of Macedonia, Montenegro, Romania, Serbia and Temporary Mission of UN at Kosovo
in accordance to Resolution 1244 of Security Council ofitbl prescribed obligation of Republic of
Serbia to implement Directive of the Council 1999/32 /EC frofi &pril 1999 which is related to
reduction of sulfur content in some liquid fuels.

Considering technical and other requirements unleaded petiBIOEBMB 98 must satisfy all
requirements of the standard SRPS EN 228, except for research octane number Ron which must be at
least 98.0 and motor octane number MON which must be at least 88.0.

Unleaded motor petrol RO PREMUM BMB 95 must satisfy all guirements of the standard SRPS

EN 228. Unleaded motor petrBREMIUM BMB 95 is not coloured and must satisfy all requirements

of the standard SRPS EN 228, except for density, lead content, sulphur, benzene, flavor, olefin and
motor number. Limit values fodensity, lead content, sulphur, flavor and olefin for unleaded motor
petrol 95are
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Table 2 Limit values for density, leadulphur, benzen@romatesand olefin contenfor unleaded
motor petrol EURCGPREMIUM BMB 95

Characteristic Unit Limit Deadline
Density (150 C), kg/m® 780 Until 31.july 2013
highest
Pb content mg/| 13 Until 31July 2013
S content mg/kg 650 Until 31July 2013
Benzene content % (VIV) 5,0 Until 31 July 2013
Aromates content % (V/IV) 55 Until 31 July 2013
Olefines content % (VIV) 22,0 Until 31 July 2013
Octane number, 83,0 Until 31 July 2013

In European countries an ammount of sulphur is reduced in diesel fuels according to European norms
EN 590. Therefore, the level of sulphur has been 10mg/kg since 2009. Reduatidphoir in liquid

fuels is the simpliest way for reducing emmission of pollutants from mobile ones although it is not
enough. When agricultural machines are in question pollution control is mainly performed by
reduction of sulphur quantity in fuels. Eur@peDirectives, among the others, direct EU members to
secure certain quantity of fuel with lower sulphur content for agricultural machines on their territories
in definite time. Based on the analysis of directives and norms of EU, norms in Serbianidegislat
regulations, laws and other legal regulations on liquid fuels and also manuals of agricultural machines
producers criteria for selection of necessary fuel quality on the market for definite fuel type are set. It
is significant to include these regutats in our legislation correctly especially in the sector of
agriculture and its influence on the enviroment taking into consideration negotiations of Serbia related
to entering EU.

By the Rules it is stipulated that beside derivates of European qtiifyossible to put on the market

of Republic of Serbia, until 31July 2013, liquid fuels whose characteristics are not fully harmonized
with European standards. They are: unleaded motor premium bmb 95; diesel fuel d2; diesel fuel d2s;
diesel fuel dleand gas oil extra light el. Taking into account that participants on liquid fuels market
have these derivates in their storage capacities they are allowed to spend energy stocks un till the
mentioned termAccording to the Rules, oil derivates which areg harmonized with European
guality should be retreated from the market in July 2013. According to data from MEDEP of Republic
of Serbia consumption in 2012 shows that total consumption of motor petrol in Serbia was about
422.000 tons, out of which aboud% (351.000 tons) was consumptiorPREMIUM BMB 95, and

17% (71.000 tons) oEURO PREMIUM BMB 95 Estimation of diesel fuel consumption is about
1.393.000 tons out of which about 31% (433.000 tons) is consumption of diesel fuel D2 and 69%
(960.000 tonsgonsumption of Euro diesel.

Gas oail, according to the Rules, are all liquid fuels of oil origin in which less than 65% of volume
(including loss) is distilled at 2500 C and at least 85% of volume (including loss) is distilled at
350°C according t&SRPS EN ISO 3405. They are: EURO DIESEL, diesel fuel GAS OIL 0,1, diesel
fuel D2, diesel fuel D2S, diesel fuel D1E, GAS OIL EXTRA LIGHT EURO EL and GAS OIL
EXTRA LIGHT EL.(Art.6(1)(2) Ruels. It is also stipulated by the Rules that until 31st Dememb
2015 it is possible to put on the market fuel oil medium s and fuel oil heavy t whose characteristics
are not in accordance to requirements of Directive 1999/32, taking into account that for reduction of
sulfur content in these derivates is necassadditional investment in refinery plants. Legislator
predicted this because it was was@mewwnted #ameplacing hat i
these heating oils on the market it could cause full stoppage of production of all other derivates
necessary for supplying consumers in Serbia. Beside obligation to implement Directive 1999/32 in
Serbian law it is also recognized a need to enable military vehicles, tractors and work machines to be
supplied with liquid fuel other than Euro diesel. For tigigson it is stipulated by the Rules that GAS

OIL 0,1 should be used for tractors, work machines, military vehicles ( in accordance to the regulation
for traffic safety on roads) and trains and boats with diesel drive from 1st August 2013 on the territory
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of Serbia. (Art.6(4)) Maximum ammount of sulfur of 1000 mg/kg in this derivate of oil is ten times
smaller in comparison to diesel fuel D2, D2S and Dakd it is complitely in harmony with
requirements of EU Directive which this field is regulated byttyRule is also recognized the need

for placing supplemented fuels and sales people are given a chance to label these products clearly by
commercial namesince diesel fuel D2 is mostly used in agriculture, economy and for military
purposes, the Rulestippulates introduction of new derivatediesel GAS OIL 0.1 which has lower
quotation price. By introduction of this derivate a lower, cheaper price of diesel is kept. All in all, the
market will determine the need and price for this product.

In the Srbian market, for domestic products, manufacturer issues Declaration of product conformity
with the requirementgArt.21). Declaration is issued on the basis of the report on investigation which
is carried out by the body for conformity evaluation narbhgdMinister for Energy according to the

law which determines technical requirements for products and evaluation of conformity as well as
according to specific regulations issued on this law which determines the way of appointing the body
for conformity evéuation. A producer has an accredited body for investigation and, in this case, the
report can be made by accredited body instead of the appointed body.

The procedure of evaluation is carried out by the appoined body and a Confirmation is issued on the
basis of the report which is conformed with the Rules.

According to the Rules and in order to be appointed the body for investigation conformity should
fulfill the following conditions:

1. Conformity assessment body, its executive or the members of exdoodiretas well as other
employed or engaged entities (hereinafter: entities) responsible for performance of conformity
assessment according to the Rules cannot be representatives of producers or those dealing
with liquid fuels trading which does not exckudxchange of technical information;

2. Conformity assessment body as well as its entities are obliged to perform evaluation of
conformity with the highest degree of professional integrity and technical ability and they
must not be exposed to any kind of gae or be in conflict of interest, especially financial
that could influence their evaluation or the results of investigation primarily by entities or a
group of entities interested in the results of conformity evaluation;

3. Conformity assessment body minstve at disposal entities with technical knowledge as well
as with appropriate experience for performing evaluation;

4. Conformity assessment body must possess appropriate equipment for evaluation depending on
the requirements prescribed by Serbian standevdsthe Articles 819 of the Rules;

5. Entities performing conformity evaluation of liquid fuels must be objective and their fee
cannot depend on the number of investigations performed or on their results;

6. Conformity assessment body must have an appropgeweral document prescribing the
procedure for performing conformity evaluation including decision on complaints related to
the work of the body and its decisions;

Conformity assessment body must sign a contract of insurance against liability for damage;
Entities of conformity assessment body are obliged to keep as business secret all information
obtained at performing evaluation conformity according to their general act on business secret,
the Rules and other regulations.

© N

Taking samples of liquid fuel is performed according to requirements of the staGfRIPEGSEN 1SO
3170 andSRPS EN ISO 3171. (Art..24)@king samples of liquid fuel for the needs of making a report
on investigation and issuing a Declaration or Confirmaisoperformed from the reservoir of oil and
oil derivate warehouse.(Art.25)

Declaration or Confirmation includes:
1. Business name or the name and address of a producer or importer;
2. Name of the product;
3. Amount, number and date of individual delivery noteCustoms declaration for liquid fuels,
imported and put on the market of Republic of Serbia;
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The name of the country in which a product is produced;

Number and date of the report on investigation and information about accredited body which

issued it;

6. Name of technical regulation by which a confirmation assessment of the product is evaluated,
including the number of Official Gazette of Republic of Serbia in which the regulation is
published;

7. Information on the applied standards which the Rules r&demad related to the statement on
conformity assessment;

8. Identification and signature of an entity in charge responsible for issuing a Declaration or a
Confirmation in the name of a producer or the named body for conformity evaluation;

9. Place and date adsuing a Declaration or a Confirmation.

ok

Obligatory supplement to Declaration or a Confirmation from the Rules is a Report on investiyation.
producer or a named body for confirmation assessment evaluation are obliged to keep this Declaration
or Confirmation as well as the Report at least for two years from the day of issuing. (Art.26)

Liquid fuels must be accompanied by the following when putting into traffic on Serbian market:
Delivery note;Declaration or ConfirmationReport on investigatiorStatenent of energy entity who
trades with motor or other fuels at stations for vehiclgsply (only for additive fuels)pther acts
according to specific regulations. (Art.27)

Liquid fuels of Euro 5 quality has been produced in Serbia since 2013. NIS [nePam  h as
completely converted its production of liquid fuels that meet the Euro 5 Standard requirements. After
the commissioning of the new complex, annual fuel production volume by Euro 5 Standard will be
increased to 638,000 tones and diesel to 1,000t688s. Significant increase of quality and
environmental characteristics of produced liquid fuel will affect the environnkanther conciliation

of regulations of the Republic of Serbia, in this area, with EU regulations implies, according to the
National Programme for Integration with the European Union (NPI): The adoption of technical
regulation which would transfer the Directive 1999/32 on restriction of sulphur in certain liquid fuels
and amendment to the Directive 93/12/EEU and Directive 2003/17/&nendment to the Directive
relating to theguality of thegasoline and diesel fudllodic, D, 2010)

CONCLUSION

European Directiven the qualityof liquid fuelsprovides for certaimestrictionsin order to protecthe
environment.In the Republicof Serbia, there is an ongoing process of harmonization with the
European Union regulationtn Republic of Serbia, liquid fuels Euro 5 quality has been produced
since 2013.By the Rules it is stipulated that beside derivates of European quality itsiblpd® put

on the market of Republic of Serbia, until*3luly 2013, liquid fuels whose characteristics are not
fully harmonized with European standardsccording to the Rules, oil derivates which are not
harmonized with European quality should be e&ied from the market in July 201B.is also
stipulated by the Res that until 31st Decemb@015 it is possible to put on the market fuel oil
medium and fuel oil heavy whose characteristics are not in accordance to requirements of Directive
1999/32, taking into account that for reduction of sulfur content in these derivates is necessary
additional investment in refinery plants. Beside obligation to implement Directive 1999/32 in Serbian
law it is also recognized a need to enable militaryioles, tractors and work machines to be supplied
with liquid fuel other than Euro diesel. For this reason it is stipulated by the Rules that GAS OIL 0,1
should be used for tractors, work machines, military vehicles and trains and boats with diesel drive
from 1st August 2013 on the territory of Seri$&gnificantly increase the quality antharacteristics
produced liquiduel will influence theenvironment
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ABSTRACT

Key trends in sustainable transport show us that the energy consumption irottgrespBDP unit at ELR7 in

2011 declined for 8.3%, compared to 2000. Generally, in the observed period, the energy spent in transport was
increased for 6.7%, while the economic growth was faster with 16.5%. This trend was slightly increased at the
begiming of the economic crisis, as well as the ecological components which followed the transport
development, which indicates that there weren't any significant changes of transport and mobility which may
exist among countries because of the methodologézeans. Although the objectives of the EU move towards
reducing the existing emissions for 20% up to 2020 and 95% up to 2050, at the demand of Germany, the EU
postponed the adoption of regulations in October 2013, which doesn't diminish the impofftaresal o for
pollutants' emission reduction in public transport. In this paper, the emission evaluation at the wider range of
the intersection with four traffic flows flowing into it was performed, by using the EMEP/EEA methodology and
the latest ADMS ROAsoftware. The aim is to point out the emission quantity by pollutants, their spreading and
the locations of their greatest concentration.

Key words: road transport, emissions and emission factors, ADMS Road.

INTRODUCTION

Emissions in public transpoare created by combustion of fuels such as petrol, diesel, liquid petrol
gas (LPG) and natural gas in internal combustion engines. According to [6], the suggested emission
methodology from road transport (NFR sector 1.A.3.b) is used in most Europedriesom which

the vehicles are coded and classified:

A1.A.3.b.i Road transport : cars (PA on LPG, diesel and petrol);

A1.A.3.b.ii Road transport: light goods vehicles (lorries) (LGV on diesel and petrol);

1.A.3.b.iii Road transport: heavy goodshicles and buses (BUS, diesel);

A1.A.3.b.ivRoad transport: motor driven cycles and motors (MOT, petrol).

The emission distribution differentiates road activities by types of streets: highways, rural and urban
roads. For the mission assesmenudran area , through which heavy goods vehicles, except buses,
do not transit,was chosen. The analysis includes cars from the M1 subcategory (petrol and diesel, 1.4
2.0 cnml), LGV Ni(< 3,5 t), BUS from M2 (City conventional) and motorcycles from L3 categiky

250 crr). With all the vehicles, the EURO Il engines (2aB005) were analyzed, according to the
98/69/EC Directive (Step 1, 2000). According to the detail level of the available data ,the pollutants
from group 1 (CO, NQi N,O, PM 2,510-TSM (comma powdery substances), NHammonia,
NMVOC nonmethanic vaporable organic compoundgven as an equivalent to THCH, and their
standard emission factors were chosen. Correction factors (traffic physical and exploatational, engine
operation factors anothers) were not taken into account.

Data input , according to ADMS ROAD requests, consisted of a several steps. The emission for each
street was estimated by the TIER 2 method, with the street net characteristics being used, also the
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traffic intensityand the standard emission factors of each source of pollution. By space mapping of
emissions, their spread at the observed locations was shown.

FLOW ANALYSIS AND THE ELEMENTS NEEDED FOR MISSION EVALUATION

For this analysis, an intersection with four eggrhes flowing into it was chosen, with a very
significant traffic intensity, and of following characteristics: Kné&a ges | ava 437 m, Pil
Petrovica 1- 270m and the other part of Pilota Mihaila Petrovica37 m, Patrijarha Joakima 217
mfigure 1. Kneza Vi geslava Street starts from
i ntersection where it ends, linking Vidikovac t
with central city zones. It is a twway street, with one lane irach direction, except in the
intersection zone, where there are two merging lanes, one for left turns, one for straight and right
directions, and one for diverging. The city transit vehicles use this Bthesstlines 23, 53 and E5 and
partially 37, 50 89andE5lines, while movement is forbidden for goods vehicles weighing over 3,5t.

Figure 1. Street position in macro and meso environment

Pilota Mihaila Petrovica Street links The lbar Highway to Rakovica settlement, spreading from West

to East. It is a tweway street with one lane in each direction, except in the intersection zone, where
there are two merging lanes, one of which is combined, ie intended for movement of vehicles which
keep going straight or turn right , and one for divergifigom the intersection in question, viewed
eastward, the city transit vehicles for passengers' transport use this street (bus lanes 37, 50, 59 and E5).

Patrijarha Joanikija Street starts from the actual intersection and goes on to Petlovo Brdwdt is a

way street, too, with one lane in each direction, except in the intersection zone, where there are two
merging and one diverging lan€he city transit vehicles use this street ( bus lines 23, 53 and E5)
while movement is  forbidden for goods  vehicles weighing over 3,5t

All the streets creating this intersection are the Il order streets.

/

131 287 184
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Figure 2. Traffic figure at micro level by accesses
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At the intersection, the crossing of streets is in the level and the streets create an inclined, direct, four
way intersection, figure 2. This intersection has a-mestricted (all directions are allowed), but a
reduced software, because all the dirertidon't have their own lane.

According to the way of regulating and managing the traffic, the intersection contains the regular state
measures. At this intersection, traffic is regulated by traffic signals followed by appropriate elements
of horizontaland vertical signalization. In the immediate surroundings of the intersection, there are
also city transit bus stops. The flows were studied by directions and by vehicle categories, table 1.
The study period during a working day included the simigzute drives which were realized at the
peak hours of traffic load and the complete vehicle distribution was based on that, table 1. The
research was narrowed to data collecting for the streets with no longitudinal grade and maximum
speed limit of 50 km/h andn uninterrupted traffic flow with minimal obstructions. Measuring was
performed in the conditions of moderate drive without sudden speeding or slowing down, which is
very often a case in traffic.

Table 1: Traffic flows structure by moving directions

Street . .
name Direction PA LTV BUS MOT
Pilota 12+21 246 51 28 12
Mihaila 23+32 293 46 17 6
Petrovica 2| 24+42 362 55 0 10
x 1126 901 152 45 28
Pilota 14+41 214 37 0 7
Mihaila 24+42 352 55 0 10
Petrovica 1| 34+43 153 34 1 4
x 867 719 126 1 21
i 34+43 153 34 1 4

Patrijarha =4 55593 46 17 6
Joakima

13+31 348 48 47 10
x 1007 794 128 65 20

14+41 214 37 0 7
Kneza 13+31 348 48 47 10
Viseslava

12+21 246 51 28 12
x 1048 808 136 75 29

Collecting complete sets of data for emisstmaluation from every source is a serious methodological
problem since some sources aren't determined and it's hard to measure the emissions in continuity and
with high precision. Besides, it is not simple to connect the emission values with corresponding
conditions in the traffic flow. In some researches, the emission evaluation for one pollutant was used
for getting the pondered evaluation of some other pollutant emission. For example, the PM10
emissions from certain processes can be estimated on thledbabie allocational VOC emission
processes. In some cases, the known relations of PM10/PM2.5 can be used for the evaluation of PM10
and PM2.5 emissions for similar processes in other areas. In the complete emission, road transport
about 16% PM, 42% NO29% CO, HC 16%, etc. in Europe (EEA 2012).

Table 2: Basic vehicle distribution by streets and types of drives

Vehicle distribution MOT PA LTV BUS diesel
Street Total of veh. | petrol diesel | petrol | diesel | petrol

Mihajla P. 2. | 1126 23 338 563 34 113 56

Mihajla P. 1. | 867 17 260 434 26 87 43
Patrijarha J. 1007 20 302 504 30 101 50

Kneza V. 1048 21 314 524 31 105 52

TOTAL 4048 81 1214 | 2025 | 121 406 171
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According to [ 9], there are methods for emissi
lAimethod is the first | evel whi ¢ h ATem2lfiy mest ehso dt h es
more complex than the previous one , it uses mpeeific emission factors developed on knowing

the kinds of processes and specific process conditions. It also reduces the uncertainty level of the

evaluation and is considered as adequate for the emission evaluatio® Theeff met hod i s
considered todthe method which uses the latest scientific findings with more sofisticated approaches
and models. By applyingTier2 i, the emissions' results by stree

emissions during the active drive (engine running), assumiagtiie exhaustion gases emissions
during the cold engine start or the idling are independent of the driver's conduct, tables 3 to 6. When
we evaluate a mission, variability is also important, ie, the uncertainties of the evaluation. When we
compare the nael values to the real values of emissions used for validation, the model accuracy
should be taken into account. It is also important to consider the required emission evaluation quality.

Tabl e 3: Emi ssion in Pilota Mihajla Petr
Street Pilota Mihajla Petrovila, approach 7 g/s
Petrol Petrol Diesel Petrol Diesel Diesel

co 22,78863 | 335,0638 | 9,836814 | 186,60255 | 5,258814 | 48,89304 | 608,444 | 0.169012

NO, 1,459074 17,8578 85,10502 4,766679 11,45154 171,58344 | 292,224 | 0.081173

N,O 0,015042 | 0,368202 | 1,10526 1,034628 | 0,100062 | 0,018312 | 2,64151 | 0.073375

PM2,5-10-

TSM 0,0263235 | 0,202511 | 4,3215666 | 0,0406461 | 0,8705394 | 3,790584 | 9,25217 0.257005

NH, 0,0142899 | 6,296254 | 4,3215666 | 1,1159202 | 0,0133416 | 0,0531048 | 11,8145 | 0.032818

NMVOC 3,497265 | 21,90802 | 2,21052 6,983739 | 1,045092 | 7,489608 | 43,1342 | 0.119817

Tabl e 4: Emi ssion in Pilota Mihajla Petr
Street Pilota Mihajla Petrovil a, approach+ g
Pollutant MOT PA LTV BUS g/h o/s
Petrol Petrol Diesel Petrol Diesel Diesel

Cco 13,9077 213,2676 | 6,2478 118,6245 | 3,32046 30,9987 386,367 | 0.107324
NO, 0,89046 11,36646 | 54,054 3,03021 7,2306 108,7857 | 185,357 | 0.051488
N,O 0,00918 0,23436 0,702 0,65772 0,06318 0,01161 1,67805 | 0.046613
PM2,5-10-

TSM 0,016065 | 0,128898 | 2,74482 | 0,025839 | 0,549666 | 2,40327 5,86856 0.163016
NH; 0,008721 | 4,007556 | 2,74482 | 0,709398 | 0,008424 | 0,033669 | 7,51259 | 0.208683
NMVOC 2,13435 13,94442 | 1,404 4,43961 0,65988 4,74849 27,3308 | 0.075919

Table 5 Emission in Patrijarha Joakima Street

Street Patrijarha Joakima g 7

Pollutant MOT PA LTV BUS g/h gls
Petrol Petrol Diesel Petrol Diesel Diesel

CO 13,1502 199,0498 | 5,832526 110,68085 | 3,07923 28,9695 360,762 | 0.100212

NO, 0,84196 10,6087 50,46118 2,827293 6,7053 101,6645 | 173,109 | 0.048086

N,O 0,00868 0,218736 | 0,65534 0,613676 0,05859 0,01085 1,56587 | 0.043496

PM2,5-
10-TSM 0,01519 0,120305 | 2,5623794 | 0,0241087 | 0,509733 | 2,24595 547767 0.152158

NH3 0,008246 | 3,740386 | 2,5623794 | 0,6618934 | 0,007812 | 0,031465 | 7,01218 | 0.194783
NMVOC | 2,0181 13,01479 | 1,31068 4,142313 0,61194 4,43765 25,5355 | 0.070932
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Table 6Emi ssi on i n Kneza Vigesl ava Str

Street Kneza Vigesl ava 7 g

Pollutant 5T PA LTV BUS g/h o/s

Petrol Petrol Diesel Petrol Diesel Diesel

CcO 27,80631 | 416,7582 | 12,2124 231,71 6,407731 | 60,67308 | 755,577 | 0.209883
NO, 1,780338 | 22,2118 | 105,657 5,919 13,95341 | 212,9238 | 362,446 | 0.100679
N,O 0,0184 0,4579 1,3721 1,284 0,121923 | 0,022724 | 3,27794 | 0.091054
2> 1003212 | 02518 | 536522 | 00504 1,0607301 | 4,70386 | 11,4643 | 0031845
NH, 0,0174363 | 7,831 5,36522 1,3857 0,0162564 | 0,06589 14,6819 | 0.040783
NMVOC | 4,267305 | 27,249 2,744 8,6722 1,273418 | 9,2941 53,501 | 0.014861

Missions obtained point out that diesel engines emit @3sVOC and NOx, but morparticulate

matter Maximum NOx emissions are realized with buses because of the greater engine power
engagement. High values 60, especially with diesel drives, indicate that the existing vehicles don'tv
have catalyzers which move CO i NOx from exhaust gases. Pollutants' emissions are greater for
buses because they function in the move/stop regime.Even if the moving speed was steady, PA moved
a bit faster which caused the greater CO values. Maximum emission appears with atideeat
accelerations.

ADMS ROAD AS TOOLS FOR STREET VEHICLES EMISSION SIMULATION

ADMS ROAD is a software used for numeric modelling of pollution spread from road traffic and
industrial sources, with combining these two sources. ADMS ROAD enablbgrgang in of many
parameters , including over 7 000 roads and industrial sources through three items and 25 different
parameters. This software was widely accepted, regarding the managing of the air quality and
projecting and evaluating complex sitaaus in cities, on highways and in industrial areas. The data
about the project which is actual , ie the title of the research, are entered into the starting window of
the software, and we chose the model to be used, figure 3.

P ADMSRoads - EABranko Davidovic - rad\Ur..\Urban Eco 2014.UP--=- X
File Run! Results Utilities Emissions inventory Help
Setup T Source T Meteoralagy T Background T Grids T Dutput
Marne of site |Baograd - KnezaViseslava - Raskrsnica
Mame of project |UrbanEcU -2014
Coordinate syztem |Unspecified regular Cartesian j

Model options Palette
v Dy depasition ‘F’U‘Iu[an[s j Data...
[~ ‘Wet deposition
[~ Odours Odour units ,E‘
[~ Chemistiy
r __Enrpsanetes. |

[ Complex terrain

Additional input file

r Bowe. || Edi |

Enter the site name or other title [printed in output files) tdir: [GENR

Figure 3. Setup startsoftware

In most cases, it is the “"Dry deposition ““option . In the next window we enter the pollution sources,
and in this case they are the streets from figure 2, their names and dimensions (street height and
width). In this window we can also enteretlot plots, the industrial pollution if we have the data
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about their poll ution emissions. Further on, t h
emissions, pollutions on the streets, the-tway flows were entered, figure 5.

=] [eedw  Emissions

B ADMS-Roads - E:\Branko Davidovic - rad\Ur..\Urban Eco 2014.UPL i

l - .
File Run! Result: Utilities Emissions inventory Help P
Setup Source |  Meteolooy | Backgound | Gide | Oupu - -
Pollutant species Emissions
; . @ Al polltants ussr defined
& Erler souce daid Mew | Delste | Delmteal | Emissions.. | New | Delete | p
o 21| | € Celeulste emissions using trfic flows:
® GoomEs e e Pollutant name Enmission rate (g/km/s)
i -~ 203383501
Show  [Froad Sources ] Mumber of road sources = 4 o 1067907
N . - AreA ND2Z [ 9i0540e0z
" Elevation | Road | Camon = of road traffic P10 31845002
el | AR ) | o) Current dataset; UK EFT v5.1 (2] Change. vac 1.48610e-02
neza Visoslava 10 Year  [o014 e |
atriaths doskins 7 Al oad emissions are user-defined
N [Miaia Petiovica 2 E - Tope:  [London (central |
haia Peliovica 1 E 7
Emission Factars a/km
Vehiclacatoguy  ¥er308 nesd Vehiclecount |y, FM10 PM25 | o e
Tl oty vehicle -~ 0 834 01 0041 0027 EER
Fieaw duy vehicle 30 797 5319 0147 0030 0554
Total vehicks count 7hr: 031 |« [
¥ Time varying emission laclors Datasouce. | Hourly fastors (Road)
Polutants... | 0K
Select this button to show the individual source data Min M Click this button ko display the emissions from the nest source Min: Max:

The ADMS ROAD software has the possibility of automatically generating the emissions' value,
depending on the type of vehicles (light or heavy), number of vehicles in the streets during an hour's
period as well as on the average vehicle speed in the. dtieret we meet a restriction regarding the
division of vehicles only by size and type, to light and heavy ones , which is different from the valid
classification. The possibility of entering the emissions' values and individual pollutants the values of
which are calculated and shown in tables 3,4,5 and 6 was used.

) ADMS-Roads - EABranko Davidovic - rad\Ur.\Urban Eco 2014.UPL b= eS| Wieteorological Data
File Run! Results Utilities Emissionsinventory Help
Sewr | Sowce | Meloorology | Bockgomd | s | oues Surface hoal flux variables i Mol parameters o be onterod
& pearidantime/cloud cover [rdyhroktac 0 vyt ()
Site data " - ¢ suiface sensible heat flux, (W/e] [¥ surface temperature, TOC (°C)
" - et. measurement site
Latitude (4] [~ lateral spread (meandering), (]
Dispersion site Surface roughness [m) [V relative huridity (%)
5 New Deiete |
urface roughness (m) 5 Use dispersion site value
2 Wind ; Cloud | Boundary | Suface | Relative &
@ Enter value s v € Enler value 05 ] W‘”d[f]*"g'e Vear | Julan day L?ﬁ;‘;ge s e
B (s} (mis) [oktas) m) (T) 23]
2 180 204, 23 12 0 800, P E3
¥ Use advanced options Data I Use advanced aptions i 135 2014, 73 12 4 Flili] ] E
[E== | i (B 4 295 204, 23 12 g 800, = 57
Met. data
© From file
5 Enter on sceen Data. |
Height of recorded wind (m)| [10 [ Use asubset of met. data
[ Met. data in sectors of (degrees] [0 =] Start| o Jan 2009 =] oo =]
[ Met. data are hourly sequential End| |31 Dec 2003 2400 i
I~ Verical profi
wiical profies | o —
Approsimate laitude of the source site ['] Mir -0 Max 30 ff | [ Select this buttan (o estimate suface heat flux from date, tme & cloud Mir: Maw

Figure 6. The windoinmeteorological data Figure 7. The display of meteorological data

The next window is used for entering meteorological data, figure 6, and then the window ir¥ figure

In this paper, meteorological data for August 19, 20 and 21, 2014, were taken into account. The data
were received from the Hydrometeorol ogical Il nsti
the streets which are the subject of resedatite 7.

Table 7 Meteorological data in the research period

Date Wind Wind Day of| Cloudine | Temperature | Relative
speed direction the year | ss humidity
19.08.2014 | 2 180 231 29 36
20.08.2014 |1 135 232 29 38
21.08.2014 | 4 295 233 25 57

o~ O
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It is interesting that in the software we do not enter the full date, as in 21.08.2014, but the ordinal day
of the year. In this case, August 19 is the*2®dy of the year.

In the software there is a possibility of entering the initial state, the enviropaiériton. It is a very

important element of research because it is logical that there already is a certain pollution in the
environment and, if we have those data, we will also have the more credible and more accurate
simulations. In some cases, thestadae very hard to get, considering that there are parts of Serbia

which are not covered by automatic stations for monitoring the air ambient quality. In the case when

we donot have the initial dat a, it ithe spotdfche mme n d €
laboratories performing the researches and creating the simulations have the appropriate equipment. In

our case, considering that the urban part of Belgrade is being analyzed, the data from the automatic
station of a state Agency for Enehment Protection SEPA were used. The automatic station is

located in Novi Beograd . the data about the air quality are given in Table 8.

Table 8. Values of air quality for August 18, 2014utomatic station- Novi Beograd

CcoO NOx NO2 03 PM10 PM 2,5 Benzen
0.2 mg/m3 | 30,02 22.9 (60.05 12 Og/6.9 0|1 OY/
Og P m Og P m

The medium daily values of polluting components for the previous day, August 18,2014, are shown.
Entering the data about the air quality was performed as shownwirtthew in figure 8.

[} ADMS-Roads - E:\Branko Davidovic - rad\Ur..\Urban Eco 2014.UPL SRISE. X |
File Run! Results Utilities Emissions inventory Help
Setup T Saurce T Metearology T Background T Grids T Output
Background
" Mone

Cromie | oo | Ve |

Pollutant Concentration Urits

MOw 30.2{ugdm?
MO2 22.8|ug/mé
WoC 0|ppb

03 E0.05| ug/m?
502 42.8|ug/mé
Ph2.5 E.9|ug/m?
Phi10 12| ug/m?
Co 0.2| g/
BENZEME 1| ug/m?
BUTADIENE 0|ppb

TSP 0fugdm?

Select this button to allow uger-specified levels to be entered Min: Maw

Figure 8. Environment air quality data
SIMULATION AND ANALYSIS OF THE RESULTS OBTAINED

After the emissions' distribution evaluation, they were shown in several different dpatia,
including various dimensions (polygons, lines and dotted sources) and each of them was determined
by the space characteristics of the original data. The aim of emissions' modelling is the development of
emission maps and models which enable us doeciterize the particular space emissions.
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e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst e! Davidovic - rad\Ur 2014\Urban Eco 2014.gst
Conc mg/m3 CO <All sources> -1hr Conc mg/m3 CO <All sources> -1hr
- 2014 232 12 -

2014 231 12

Metres
S
b
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800
Metres
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Figure 9. Value of CO for August 19, 2014  Figure 10. Value of CO for August 20, 201«

e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc mg/m3 CO <All sources> -1hr
2014 233 12 -

Metres

Metres

Figure 11. Value of CO for August 21, 2014

As you can see in figures 9, 10 and 11, the CO concentration for tharalgaed was from 0,2 mg/

m® - 0,31 mg/m>. For the first day analyzed, August 19, the greatest concentration was recorded at the
intersection itself and it wa8,28mgim®>. On t hat day, the most burdene
Street, and that was cdtidned by the terrain configuration and meteorological conditions (on that

day the south wind was dominant, sp@au/s.). In the other streets, the concentration was from-0.20
023mgm’1 t s i nteresting to noti cedbyhastrong hohteest CO c on
wind, caused the smaller concentration of cantmmmoxide in the area analyzed, but that pollution
spread to a wider area of residenti al units i n K

The greatest CO concentratiovas predicted for August 20, when the wind speed was ith@as
1m/s and , for that day, the CO concentration was maximal fA@Im® at three spots in Kneza
Vi g e s | a wihich 8an beeseen in figure 10.

e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 NO2 <All sources> -1hr Conc ug/m3 NO2 <All sources> -1hr
2014 231 12 - 2014 232 12 -

600

Metres
Metres

200

100

700 800

Metres Metres

Figure 12. Value of N©for August 19, 2014 Figure 13. Value of N©Ofor August 20, 2014
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e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 NO2 <All sources> -1hr
2014 233 12 -
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Figure 14. Value of N©Ofor August 21, 2014

The NQ concentrations for the analyzed streets were froh 240 G gThengreatest concentration

of 7 Gvag predicted foAugust 20, 2014, when meteorological conditions were such that the

wind speed was 1m/s and the pollution stayed on the streets. As in the previous analyses, the most
poll uted was Kneza Vigeslava Str eet65ghrhamdit he cor
the middle of the analyzed street,%the concentr a

In Pilota Mihajla Petrovica 2 and Patrijarha Joakinia streets , thedd@centration was from 246

O g P. frhe pollutant specificity caused broadefdout i on and pol |l ution sprea
Pilota Mihajla Petrovica streets, which can be seen in figures 12, 13 and 14. The greatest pollutant
spread of N@is shown in figure 14, when meteorological parameters were such that the wind speed

was the highest for the analyzed period , 4m/s. For this day it is normal that the concentration of
pollutants is somewhat smaller in all the streets, but the greatest concentration was recorded at the

Intersection.
e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 NOx <All sources> =1hr Conc ug/m3 NOx <All sources> -1hr
2014 231 12 - 2014 232 12 -

Metres

400 500 600 800
Metres Metres

Figure 15. Value of NOfor August 192014  Figure 16. Value of NOx for August 20, 20:

e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 NOx <All sources> -1hr
2014 233 12 -

400 5 800
Metres

Figure 17. Value of NCor August 21, 2014
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The concentration of NOXx in the analyzed area was fron8532 g 7, depending on the day and the
meteorological conditions predicted for that day. The highest concentration was predicted for August
20, when the wind speed is the | owest and the
i n Kneza tedt&® s ® gnother Sreets, thidOx concentration was form 45 O d./ m

e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 PM10 <All sources> -1hr Conc ug/m3 PM10 <All sources> -1hr
2014 231 12 - 2014 232 12 -
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Figure 18. Value of PM10 for August 19,  Figure 19. Value of PM10 for August 20,
2014 2014
e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 PM10 <All sources> -1hr
2014 233 12 -
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Metres
Figure 20. Value of t PM10 for August 21, 2014
PM10 represents an important factor of the environment quality, and traffic is one of the greatest
generators of this pollutant. The PM10 concentration for the analyzed streets was-ft861226 £. m
The terrain configuration and meteorological conditioassed the concentration of this pollutant in
Kneza Vigeslava2®%tBgemsool be uhder it coul dnot
figure 20, and this street was most burdened by pollutants until now.

e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst
Conc ug/m3 VOC <All sources> -1hr Conc ug/m3 VOC <All sources> -1hr
2014 231 12 - 2014 232 12 -
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Figure 20. Value of VOC for Augus®, 2014 Figure 21. Value of VOC for August 20, 20:
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e:\Branko Davidovic - rad\UrbanEco2014\Urban Eco 2014.gst

Conc ug/m3 VOC <All sources> -1hr
2014 233 12 -

Metres

Metres

Figure 21. Value of VOC for August 21, 2014

The highest concentrations are predicted for Pilota Mihajla Petrovica Street, for August 20, when the
wind speed is the lowest, and other meteorological conditions, temperature and humidity, of similar
values as in the other days analyzed. The highesteotmation ofl 3 5 Dig predicted at the
streets6 intersection.

The VOC concentration was fromé® O g £.mMhe highest concentration is predicted for August 20,
2014, at the intersection itself, and it6is0 é.gAs im the case of PM10, the concentration of this
pollutantinKk ne z a Vi ¢ eisveralovwg alngost imeneasurable( except for the first day, August
19, 2014, when the concentration vias O%li$ predicted).

The simulation showed th&tlota Mihg | a Petrovila Street 1 and 2 is
and that concentrations are gathered in concentric circles at certain places, both in that street and in
Patrijarha Joakima Stredthe EMEP European Monitoring and Evaluation Software) netkean be

used jointly, and it covers an area in the resolutiod, 5fA @eodraphical latitudéongitude of the

VGS84 coordinate system. The domain covers a geographical area b8w&BR82A of nort her
geographical latitude and FE-90 A  ostern gengraphical longitude. Other networks, based on the
national coordinates, can also be used. There is a special methodology for converting different types of
emissions into a common network. The data b@dé¢SPIRE, CORINE,ESA Glob Cover, ESRI,

UROPEAID etc.) can also be used.

Beside ADMS ROAD software, a number of other models and software for emission evaluation in
road transport have recently been developed (COPERAL, Roads View MOBILE, EMFAC,

PHEM etg which basically contain models for euation by some of previously listed three levels of
compl exi ty. The huge i mportance of emi ssions?®o
emissions of other sources on the location chosen, uniting them into a unique format , which would
help forming he complete emission maps for the complete pollution evaluation.

CONCLUSION
Requests for the environment preservation, i mp
technol ogiesé in traffic representsuch teeclopmaergi s of

were established on the EU transport system level ( ECMT Council, Prague , 2000). They are based on
reduction of effects harmful for the environment. With road vehicles, the zero emission vehicle has
appeared for years as the final g@dihough it is known that there is no human product which has no
influence on its environment since the man himself produces about 4/ye@0O The new target
emissions for vehicleNZEV 1 Near ZEV, ie close to the minimum anBZEW equivalent to a
minimum emission have been introduced recently.
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High level of transport emission can be reduced in different ways, from: improving the technical
characteristics of vehicles by types, developing sustainable fuels with carbon contetipmeduc
development of propulsion systems, reducing the speed of vehicles, minimizing the empty drives etc.
Different ways of managing the light signals in the intersections also have an important influence on
the traffic flow emissions. Coordinated work lifht signals in the street corridors influence the
reduction of aergoollutants' emissions. By introducing the work coordination of light signals of the
cgreen waveeée type, wandgNQemissibne forrl@vd Average entissiang of CcO
CO ad N in speeding regimes, the increase of r.m.p (o/min) and engine breaking are
increasing.The greatesiverage emission at small speeds3@ckm/h) appears when we slow down.

At speeds over 30km/h, the average emissions when speeding are highbe theastwhen slowing

down.

In the next period we should work on forming a universal data base of good quality about the
emissions which should develop into a set of emission models , as precise as possible, which would be
used for describing the emissicharacteristics of vehicles and space. These would later be used for
ecological evaluation in the process of planning traffic solutions and for decision making from an
ecological aspect about the impact on the environment.
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ABSTRACT

One of the major concerns in urban areas is the environmental quality in terms of air quality. Due to the trafic
and industrial growth the environmental quality in cities has been decreasing rapidly. In order to predict air
quality are widely used. The per desribes and demonstrates the influence of meteorological condition changes
on air pollutants dissipation based on the calculations conducted using software ADMS 5. Applications are run
for one point emitter in the City of Zrenjanin for various mettagizal data. The paper focuses on the
description and demonstration of how meteorological o
emission factors. The dispersions of NOx and PM10 have been observed. The numerical simulations applied on
the air pollution dispersion problem have become a standard tool for creating strategies and perspectives of
environmental quality in Urban Areas. The case study was conducted for the single point emission source from
eTeTo Zr enj ani n ¢ jafirrfar two dapsevithadiffarent metéoroldgicel wonditions. Beside that

the software/model itself was introduced as well as meteorological conditions.

Key words: meteorology ,air pollutants, dispersion.

INTRODUCTION

Air pollution dispersion modelings one of the methods for the ambient air quality assessment.
Mathematical models are widely used tools for predicting air pollution and accurately assessing the
spatial distribution of air pollutants inthe ctpadel a, A. , Mi. §ok anymodelaan A. , 2
important feature of its use is access to reliable input data (Arciszewska, C., and McClatchey, J., 2001)
regarding the emission and meteorological data. However, the degree of sophistication within the
model will determine the extent of the itprequirements. This paper treats problem of the dispersion

of air pollutants using the software ADMS5 with respect of the meteorological and emission data from
the single point emission source f MlestiudganesTo Zr e
to determine the dispersion of nitrogen oxides (NOx) and particulate matter (PM10) under various
meteorological conditions at ground level with constant emission factors.

The important meteorological parameters that influence air pollution carlaassfied into primary

and secondary parameters (Rao, M., 2007). Primary parameters are: wind direction and speed,
temperature, atmospheric stability, mixing height. While, secondary parameters are: precipitation,
humidity, solar radiation, visibility. Tése parameters vary widely as a function of latitude. Season and
topography (Rao, M., 2007).
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RELEVANT METEOROLOGICAL PARAMETERS

The minimum data requirements to run ADMS 5 model are: wind speed, wind direction, and one of
either Julian day number, ting# the day and cloud cover or sensible surface heat flux, or reciprocal
Monin-Obukhov length. Because of that we will focus further on their influence on dispersion (CERC,
2012).

The direction and speed of surface winds define the drift and diffusicairgbollutants discharged

near the ground level. The higher the wind speed at or near the point of discharge of pollution, the
more rapidly air pollutants are carried away from the source. It causes dilution of air pollutants with
greater and greater vohes of air. Opposite of that is when wind speeds are low, pollutants tend to be
concentrated near the area of discharge and the longer the periods of such light winds, the greater will
be the concentration of pollutants. Other things being equal, the tmat@an downwind from a

source will be inversely proportional to wind speed. In rough terrain, itotdre assumed that the

wind direction and speed near the source govern the subsequent motion of the contaminants. Hills may
deflect the air flow eitherdrizontally, vertically, or both, the amount of deflection depending on the
vertical stability of the atmosphere. Yet in the area of Banat hills are scarce. In valleys, the winds
carrying a pollutant tend to flow either up or down the valley, followingngsnderings. The deeper

the valley, the more pronounced is this channeling effect (Rao, M., 2007).

It is important to provide a dependable scaling factor in the surface layer of the atmosphere which is
dominated by turbulent forces and is characterizethlpe gradients in meteorological parameters.

The stability index provided by Reynolds is essentially a ratio between viscous and kinetic forces and

i s not taking into consideration ther mal force:
kinematt f orces which over comes the defect of Reyn
with height and not dependable with weak gradients also when either thermal or kinematic forces are
dominant. The Monin and Obukhov developed the similarity themy developed the stability

parameter (Murty, V) now recognized by boundary layer meteorologists as appropriate for the surface
layer which is the Monik©bukhov length scale (Murty, V., 1998).

ADMSS Dispersion Software

When creating a dispersion modetdh types of data are needed: emission data, meteorological data

and desired output data. There is a minimum of data amounts that are needed to run the software
ADMS 5 (Atmospheric Dispersion Modeling System). These data have to define: general sée detalil

and desired modeling options; information abou:
conditions in the modeling area; background pollution data; grid and required output. The later data

are introduced through six menus of the software, nametlyp$S Source, Meteorology, Background,

Grids and Output (CERC, 2012).

CALCULATION MODEL

The simulation has been conducted over the area of the City of Zrenjanin, with one emission point
source from the ATETO Zrenjanini for two days of

METEOROLOGICAL DATA IN THE SIMULATION AREA

The observed simulation area is the City of Zremjan wher e t he di spersion of
Zrenjanini has been analyzed. I n order to obser
dispersiorof air pollutants two simulations are implemented with the same emission factors. The first
simulation is conducted for the clear day with no percipation, which is the 22nd of June 2014, while

the second simulation is conducted for the cloudy rainy dagd\Wses for the later days are shown

in Figure 1a) and 1b) respectively which have been generated using software ADMS 5.
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Figure 1. a) wind rose for 22.06.2014; b) wind rose for 24.06.2014.
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Table 1 contains meteorological data for th& 2 June 2014. (***) where can be observed that:
— Wind speed varies from Orl/sto 2.7m/s

Table1: Meteorological data for the 22o0f June 2014, (***)

Predominant wind directions are E and N (Figure 2a);
Cloudiness is 0 octa;
Temperature varies from 22 to 27°C;
Percipation is zero;

Relative humidity varies fro 33 % to 79 %.

Hour Wind Wind Cloudiness| Temperature,| Precipation| Rel.
speed, m/{ dir.,° octa °C mm hum., %
1 1.7 101.3 0 14 0 68
2 1.5 99 0 13 0 70
3 1.4 90 0 13 0 73
4 1.3 90 0 12 0 76
5 1.1 81 0 14 0 79
6 0.8 78.5 0 16 0 67
7 0.8 67.5 0 19 0 57
8 1 67.5 0 22 0 51
9 1.5 71 0 23 0 42
10 1.6 90 0 24 0 38
11 1.6 90 0 25 0 36
12 1.6 90 0 26 0 35
13 1.8 90 0 27 0 34
14 1.7 88 0 27 0 33
15 1.4 71 0 27 0 33
16 1.4 67.5 0 27 0 33
17 14 45.5 0 27 0 34
18 1.7 22 0 26 0 39
19 2 350 0 23 0 58
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20 2.4 350 0 22 0 55
21 2.5 350 0 20 0 58
22 2.6 350 0 19 0 62
23 2.7 350 0 18 0 65
24 2.6 350 0 18 0 68

Table 2 contains meteorological data for th& @4June 2014. (***) where can be observed that:
— Wind speed varies from 0rd/sto 3.8 m/s
— Predominant wind direction is SE (Figure 2b);
— Cloudiness varies from 0 to 8 octa;
— Temperature varies from 2& to 28°C;
— Percipation varies from 0 mm/h to 1.68n/h;
— Relative humidity varies from 37 % to 91 %.

Table 2 Meteorological data for the 2%of June 2014. (***)

Wind Wind | Cloudiness, | Temperature| Precipation Rel.
Hour| speed, dir._© octa oC mm hum.,
m/s ’ %

1 0.8 192 8 22 0.89 91
2 0.8 192 8 21 1.03 91
3 0.9 11 8 21 0.83 90
4 1.3 22.5 8 21 0.88 89
5 1.6 45 8 21 0.94 89
6 2.3 81 8 22 1.01 85
7 3.2 100 8 22 1.01 84
8 3.5 100 8 21 1.03 85
9 3.4 95 8 21 0.64 84
10 3.6 90 8 22 0.18 80
11 3.7 93 6 24 0.06 72
12 3.6 130 6 26 0.06 58
13 3.7 135 6 27 0.13 48
14 3.7 140 6 28 0.11 41
15 3.8 140 4 28 0.1 37
16 4 140 0 28 0 34
17 4 140 0 28 0 34
18 3.5 140 0 26 0 41
19 2.9 140 0 23 0 59
20 2.7 140 0 21 0 58
21 2.6 140 0 20 0 61
22 2.5 140 4 19 0 63
23 2.5 160 6 19 0 65
24 2.5 176 6 18 0 65
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SIMULATION SETUP

This paper covers two simulations that are implemented over the City of Zrenjanin for various
meteorological conditions, shown in Table 1 and Table 2.

The first simulation is conducted for the dispersion of air pollutants frolAfieE TO Zr enj ani n i
the area of the City of Zrenjanin with special respect to Bega river. Model setup is done according the
next data:

1. Model options / dry deposition, because the simulation period is without precipitation;

2. Emission source data are givienTable 3;

Table 3 Emission source data

. . Volume .. i
. Diameter, Velocity, o Position Position
Type Height, m m m/s 1;#)/(3 Temp.,°C X, M y, m
Point 160 55 1.89 44,903 117,7 0 0

*data acquired from ATETO Zrenjanini
3. Emission factors are given in Table 4;

Table 4 Emission factors

NOX, g/s 39,7820
PM10, g/s 0,0130
*data acquired from ATETO Zrenjanin
4. Meteorological data:
- Latitude: 45;
- Surface roughness: 1 m, according the ADMS 5 for urban areas;
- Meteorological data imported as .met file based o tide 1;
5. Background: no data;
6. Grid, 40000x40000x200m, number of points 80x80x5;
7. Output NOx and®M10short term calculations.

The second simulation is conducted for the disp
over the area of the City of Zwgnin with special respect to Bega river for diferent meteorological
conditions (precipitation and cloudiness included, as well as diferent wind direction). Model setup is
done according the next data:
1. Model options / dry deposition, because the simutgbieriod is without precipitation;
2. Emission source data are given in Table 3;
3. Emission factors are given in Table 4;
4. Meteorological data:
- Latitude: 45;
- Surface roughness: 1 m, according the ADMS 5 for urban areas;
- Meteorological data imported as .met filased on the Table 2;
Background: no data;
6. Grid, 40000x40000x200m, number of points 80x80x5;
7. Output NOx and®M10short term calculations.
SIMULATION RESULTS

Simulations are implemented on the hardware equipment Lenovo Lenovo Think Station E32 and
installed ADMS 5 software, where the hourly values of,/d@d PM10 are calculated. Figures 2, 3, 4
and 5present characterist@mulation results.
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Figure 2. NOx ground level dispersion in tH&Hbur of the 22 June2014
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Figure 3. PM10 ground levelispersion in the Bhour of the 22 June 2014
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Figure 4. NOx ground level dispersion in tHet®ur of the 24 June 2014
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Figure 5. PM10 ground level dispersion in tHetbur of the24™ June 2014

Based on the simulation results we have created the table of average hourly values of NOx and PM10
poll utants above Bega river in the city of Zren

These data are shown in Table 5.
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Table 5 Average hourly values of pollutants or"22nd 24" of June 2014 above Bega river

Hour NO, PM10 Hour NO, PM10
22.06.| Og P OgP m|2406.| Ogfm OgPfm

1 0.02 0.000006 1 0 0

2 0.015| 0.000006 2 0 0

3 0.01 0.000004 3 0.004 0.000002
4 0.01 0.000003 4 0.4 0.00012
5 0.006 | 0.0000015 5 1.8 0.00053
6 4 0.001 6 2 0.0006
7 4 0.001 7 15 0.0005
8 2 0.0015 8 1 0.0006
9 2 0.001 9 1 0.0004
10 2 0.0005 10 15 0.0005
11 2 0.0005 11 1 0.0004
12 2 0.0005 12 0.5 0

13 2 0.0005 13 0 0.0001
14 2 0.0005 14 0 0

15 2 0.0005 15 0 0

16 2 0.0005 16 0 0

17 2 0.0005 17 0 0

18 1 0.0004 18 0 0

19 0 0 19 0 0

20 0 0 20 0 0

21 0 0 21 0 0

22 0 0 22 0 0

23 0 0 23 0 0

24 0 0 24 0 0

After the data comparison from Table 5 it is obvious that changes in meteorologickiions are
connected with air pollution dispersion in the next manner: the better meteorological conditions are,
the pollutantoés dispersion is high®hour,wHidntas c an
be explained with specific metexogical data observed in Table 1 and Table 2.

CONCLUSION

Results of the simulations presented in the paper show that it is possible to make easy comparison of
the simulation results when changing only meteorological data using software ADMS 5. Figgires 2

4 and 5 show the simulation results and dispersion of air pollutants over the City of Zrenjanin from a
single emission source. Based on the analysis of average hourly simulation results data form Table 5
are obtained where comparison of concentratiorder diferent weather conditions is possible. The
conducted simulation under difference meteorological conditions shows that calm weather increases
the intensity of dispersion in comparison to the cloudy and rainy weather conditions, which is in
accordane to the expected results and literature recommendations.
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ABSTRACT

Mobile sources of pollution are motor vehicles, whose number increases on a daily basis, which causes them to
become the evagrowing air pollutants inside and outside of urban areas, throughout the peanrding to

data from the IPCC (Intergovernmental Panel on Climate Change), the share of traffic in emissions of
greenhouse gases compared to other potential pollutants is 13%. By combustion of petrol and other petroleum
products in motor vehicles, therait low altitudes receives numerous dangerous components of air pollution
(soot, nitrogen oxides, sulfur oxides, carbon monoxide, organic peroxides, lead, cadmium, etc.). It is believed
that the exhaust gases from motor vehicles are the main contrilougar pollution, especially in larger cities.

In Serbia, due to poor quality of fuel, there is a high concentration of sulfur and lead in the air, which is an
especially serious health problem. The illustrated example shows an estimated concentratitutiof o

urban areas for various types of vehicles and fuels used.

Key words: mobile sources, air pollution, traffic.

INTRODUCTION

During the last decade, owing to the development of road transport and aviation, air pollution that
comes from mobileaurces has increased sharply. It is estimated that in urban areas (depending on the
economic development and the number of mobile sources) the share of air pollution originating from
mobile sources ranges from 30% to 70%. In the United States, the slareollution originating

from mobile sources is 40% of the total air pollution.

Car transport is the most frequent form of road transport. The number of cars in the world is constantly
growing. Thus, for example, the number of cars in the world in ¥@8011 thousand, in 195064

million, in 1970- 181 million, in 1982- 330 million. Today, it is estimated that there are about a
billion cars worldwide.

Unfortunately, car transport is one of the main sources of air pollution (especially in bigazitidsas

a negative impact on the health of the population. Virtually all modern cars have internal combustion
engines. Each of them (if functional) emits into the atmosphere around 3 kg of hazardous substances
daily. It was observed that the exhaust gasksmotor vehicles contain around 200 different
substances. The most common are: lead, nitrogen oxides, sulfur, carbon, carbon monoxide,
hydrocarbons, soot, benzo[a]pyrene, etc. (Zhdanov, 2012).

The degree of the combustion and the composition of the exhaust gases emitted depend on the type
and features of the engine. The majority of cars have engines running on petrol, although in recent
years there are more and more cars with diesel enginesl Bet mixture of liquid hydrocarbons
pentanes, hexanes, heptanes, octanes, nonanes, decanes. During the combustion of such fuel, many
harmful substances are emitted, as a result of varying combustion conditions and the presence of
various impurities whih remain after the processing of fuel and additives (tetra methyl and tetraethyl
lead), which are added as an datock agents and substances which increase the octane rating of fuel.
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There is a lot of soot and dust in the exhaust fumes from dieseleendint there are no lead
compounds and toxic carbon oxides, since diesel fuel practically burns completely. The amount of
hydrocarbons (which do not burn or do not burn completely) increases significantly in the exhaust
gases when the engine is runnindoat rpm, or at times when speed is increased when starting the
vehicle (e.g. at traffic lights). In these situations, the number of unburned particles increases tenfold
compared to the normal mode of engine operation. Ecological circumstances in ouy emant
negatively affected owing to a large number of cars whose lifetime in most cases is over 10 years.
(Statistical Yearbook, 2012)

METHODS FOR ASSESSING AIR POLLUTION BY MOBILE SOURCES

Assessment of the distribution of air pollution from mobile searis a very complicated task. The
process of fuel combustion, pollutant emissions and their diffusion in the atmosphere around the
source is an extremely complex task and to this day has not been sufficiently studied. Vehicles in
traffic are viewed as iear mobile sources or surface sources when a line of vehicles is observed.
These sources are nstationary and nehomogeneous operating in complex urban conditions.
Application of accurate methods for the calculation of air pollution emissions basdiffevantial
equations ofhydro-thermodynamicsis quite problematic. For this reason, there are a relatively
small number of methods and models that can deal with this problem (Berlyand, 1975).

In the environmental calculations of air pollution from nielsources, simplified models based on
experimental data and empirical relationships are frequently applied. It is clear that these methods do
not have a universal character and that they have a limited scope of application. As a rule, the authors
of the various proposed models, regardless of the great potential of information technology in terms of
possibility of applications of numerical methods, create simple methods, which often disregard the
essence of the analysed process.

One of the first models pposed for assessing the amount of air pollution requires information on the
amount of pollutants emitted per unit of distance travelled by each vehicle in the monitored area.
Knowing the total traffic of the monitored area the mass of pollutants emittethaatmosphere can

be calculated. The amount of emitted substances is adjusted depending on the technical validity and
time of the vehicle exploitation. This model is important because it allows one to move from a
gualitative assessment of air pollutibm the quantitative assessment of pollutants emitted for an
arbitrary period of time (month, quarter, year). A drawback of the model is that the distance covered
by a vehicle is estimated by using statistical data obtained from companies in transpessuss

there is no information about the distance covered by vehicles for personal use, it is estimated based
on the amount of fuel purchased at petrol stations. Apart from these shortcomings, these methods do
not take into account the hydmeeteorologial conditions, the terrain of the region, the mode of
vehicle movement, etc.

Subsequent methods fixed shortcomings of the original model in terms of the analysis of air pollution
emission by vehicles according to individual groups of vehicles (passemgeifreight vehicles and

buses). For some groups, their specific features were included. For passenger cars engine capacity was
included, for freight vehicles their carrying capacity and for buses their size. Also, the mode of
movement was included as acfor that contributes to the emission of harmful substances into the
atmosphere. Subsequent models calculated the mass of emitted air pollution as the sum of the masses
emitted during constant motion and masses emitted while vehicle is at a standstitha$t of the

emitted air pollution is calculated based on the distance travelled in constant motion and based on the
time of the operation of vehicle at a standstill. In addition, the newer models calculated the mass of air
pollution emitted according tthhe mode of transport in urban conditions (acceleration, braking, idling,
delay at intersections). Improvement of this method is also the fact that the parameters required for the
calculation of air pollution can be obtained directly and not from staiséistimates. The latest

models allow you to individually assess the emissions of a wide range of harmful substances: carbon
oxides, nitrogen, sulfur, hydrocarbons, soot, lead compounds, formaldehyde, benzo[a]pyrene.
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AIR POLLUTION ASSESSMENT METHODICS

A consequence of the increase in road traffic is the increase of anthropogenic effects on the
surrounding environment, especially the atmosphere. Vehicle exhaust fumes are particularly
dangerous because they are in the ground layer of the atmosphere whenedttspeed is low and

where such gases do not disperse easily. Apart from the pollution of the atmosphere as a result of
vehicle traffic, there are high levels of noise, as well as land and waterways pollution. In the paper we
are only interested in apollution that comes from cars in road traffic (since it is the highest), not
including air pollution originating from aircraft and vessels.

Assessment of air pollution will be done by computation on an illustrative example.

We will observe a city stréavithout any slopes or rises, 2 km long, with an intersection where traffic
is regulated by traffic lights. Vehicles involved in traffic are divided into eight classes:

I Domestic cars

Il Foreign cars

[l Vans and minibuses

v Buses with engines running on petrol

\% Buses with engines running on diesel

Vi Freight vehicles with engines running on petrol

VII Freight vehicles with engines running on diesel up to 12 tons
VI Freight vehicles with engines running on diesel over 12 tons

The calculation of the assessment of emissionsaisied out for the following materials: carbon
monoxide, nitrogen oxides, hydrocarbons, particulate matter, sulfur dioxide, formaldehyde and
benzo[a]pyrene.

Emissions of the-th substance in g/s during the transport of road vehicles along the roadevith t
lengthL (km) is determined by the formula (Molodtcov, 2014)

L &, »

M. =—> M" 1
Li 3600,2 ki Gk K’k,i ( )
where:

I\/Iiji (g/km) is the emitted mass of thah substance of the vehicle of theh group of vehicles,

which is determined from the Table 1.
k-number of the vehicle classes

G, (1/hourynumber of cars of thieth class which go through which pass through an imaginary-cross
sectional times per unit of time in both directions
K,ki - correction coefficient which includes an average speed of vefiglen/hour) and which is

determined from the Table 2
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Table 1
Class Emission (g/km)
CO NO, CH PM SO, Formaldeh. | Benzo[a]py.

I 5,0 1,3 1,1 0,03 0,03 0,005 0,4 10°
Il 2,0 0,7 0,4 0,02 0,03 0,002 0,2 10°
1 12,0 2,0 2,5 0,08 0,06 0,011 0,8 10°
[\ 35,0 52 8,5 - 0,04 0,04 1,2 10°
)Y 7,0 6,0 50 0,3 0,07 0,025 2,010°
VI 60,0 52 10,0 - 0,05 0,05 4,0 10°
Vil 9,0 7,0 55 0,4 0,10 0,025 2,0 10°
il 12,0 8,0 6,5 0,5 0,12 0,03 2,4 10°
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Table 2

SpeedV, (km/hour)

10 15 20 25 30 35 40 45 50 60 75 80 100

K/ 135 | 1,28 | 1,2 11 1,0 0,88 | 0,75 | 0,63 | 0,5 0,3 0,45 | 0,5 0,65
ki

The intensity of traffic is determined from Table 3

Table 3
Street The number of cars according to the class Speed km/hour
I Il 1] v \Y VI VI VIl LI | IvvV | VILVILVII
171 88 67 12 - - 1 - 60 40 40

Emission of harmful substances in the area of intersection regulated by traffic lights is determined by
the formula (Molodtcov, 2014)

MRF%ZZMM G @

where:

R (min)- duration of theed and yellow light at the traffic lights

N.- number of cycles at the traffic lights of the red and yellow lights during 20 minutes
Ny - number of vehicle classes

MF%k (g/min)- emitted quantity of théth harmful substance from tlketh class of vehicles which are

at a standstill at the traffic lights
G, ,-number of vehicles of thieth class which are at a standstill at the end ofntlie cycle at the

traffic lights
ValuesMRk are determined from the Table 4

Table 4
Class Emission (g/min)
CcO NO, CH PM SO, Formaldeh. | Benzo[a]py.

I 0,8 0,02 0,12 0,02 0,006 0,0005 0,4 10°
Il 0,3 0,01 0,05 0,01 0,006 0,0003 0,2 10°
Il 2,0 0,04 0,25 0,04 0,012 0,0011 0,810°
\Y% 4,0 0,08 0,9 - 0,009 0,4 1,2 10°
V 1,1 0,11 0,6 0,2 0,015 0,0025 1,6 10°
VI 10,0 0,12 1,2 - 0,009 0,005 4,010°
VI 15 0,12 0,6 0,23 0,02 0,0025 2,0 10°
VIII 12,0 8,0 6,5 0,5 0,12 0,03 2,5 10°

Number of vehicles at a standstill atiatersection for a period of time of 20 minutes is given in Table
5

Table 5
intersection| Time of The number of vehicles according to the class
standstill | | Il 1| v V VI VII VI
in min
0,77 237 120 74 9 - 12 3 -

By using formulae (1) and (2) anldta from the Tables (<) we find the emitted quantity of harmful
substances for our example. The results are given in the Table 7.
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Table 6
Emission (g/s)
CO NO, CH PM SO, Formaldeh. | Benzo[a]py.
Street 1,268 0,23753 0,2761 0,00617 0,0057 0,00126 0,082 10°
Intersection| 0,1739 0,00371 0,0025102 | 0,00312 0,00106 0,001254 1 10°

To determine the level of concentration of harmful substances from the vehicle at low altitudes at
different distances from the road the Gaussian model of distributiompofities in the atmosphere is
applied (Lazaridis, 2011)

2M, /L Co Mall @

10005 simpuy Z 1008 sipu/ 2
where theg -angle formed by an axis of the road with the observed pointnd speed inthe

observed moment and the standard deviation of the Gaussian distribution in the vertical direction
(Table 7) Eportisse, 2008

L

Table 7
Emi ssion (eg/ m
CcO NO, CH PM SO, Formaldeh. | Benzo[a]py.
Street 337,28 99,83 73,44 1,64 1,52 0,34 2,18 10°
Intersection | 46,26 0,98 0,67 0,83 0,28 0,33 2,66 10°

For the chosen example, all values of the concentration of hazardous substances at a distance of 10 m
next to the road are below the limit values.

Table 8
Day and night Distance from the road (m)
10 20 40 60 80 100
Day Clear 2 4 6 8 12 16
Overcast 1 2 4 6 8 10
Night Clear 0,1 0,2 0,4 0,8 1 1,4
Overcast 0,3 0,6 1 1,8 2,5 3,1

In the case when it is day and it is overcast at a distance of 10 meters from the road in the direction
perpendicular to the road, the concentration of harmful substances are given i@ Table

TOOLS FOR ASSESSMENT OF AIR POLLUTION BY MOBILE SOURCES

To describe the interaction of vehicteceptor (object at a distance from the source) in the conditions

of urban transport a series of seempirical models based on a priori parameterization of transmission
conditions and dispersion of impurities scatteriag been developed. Such a widely exploited model

is the California Line Source Dispersion Model (CALINE) and the Danish Operational Pollution
Model (OSPM). CALINE model is based on a Gaussian model of the smoke column and enables
estimation of the concesttion of impurities in a radius of not more than 500 m from the road, on
which the source is moving. The classes of stability of the ground layer of the atmosphere are
determined by the modifieBasquiltGifford curves(Spotrisse, 2008). Ease of implementation of the
given model and a small amount of input data have made this model very popular. However, the
results of modelling are often seen only as a qualitative assessment, as the model does not take into
account may factors that affect the dispersion of impurities: the characteristics of urban traffic, the
relief of the terrain, components of the turbulent diffusion tensor, meteorological characteristics such
as humidity, different speeds of wind, etc. (Lazaridd, ).

OSPM model includes urban aerography and weather conditions. It also allows the inclusion of
different configurations of city streets, width and height of buildings, mechanical turbulence caused by
the movement of the vehicle. A drawback of the OSRddiel is the inability to include deformations
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of wind flow depending on the terrain and assessment of air pollution in points distant from the road
on which the vehicle is moving.

A software solution that we will use to analyse the assessment of laitiggpis MOVES. MOVES

has the tools that allow uploading and editing of local data in order to adjust the parameters and
elements to be considered in the selected cases. Calculations result in tables in MySQL environment.
It is possible to define the ase#hat are of interest and which carry a certain number of parameters,
connecting via ID of each zone. After the completion of the calculations according to the given
parameters, visualization of the results can be obtained in a sophisticated softwamensamt for

working with spatial data, such as GIS tools (Jackson, 2010).

For a certain geographic location and time period, MOVES provides an overview of emissions and
emission rates of the following pollutants (Wigonyk, 2011):
e HC (THC, NMHC, NMOG, TOG, VOC)
CcoO
NOx (NO, NQ)
NH;
SO,
PM10, 2.5 (organic carbon, elemental carbon, sulfate, brake wear, tire wear)
Greenhouse Gases (&@H,;, N,O)
Toxics: Benzene, Ethanol, MTBE, Naphthalene;By8adiene, Formaldehyde, Acetalddby
Acrolein

It is possible to determine different levels of results in relation to the desired output result, in
accordance with the following selected categories:
e Vehicles- with the possibility of setting or the inclusion of one or more types of keshigith
their general features into calculations and estimates of the total emissions of pollutants.
e Types of fuels which are used and the corresponding types of vehicles, such as petrol, diesel,
gas, etc.
e The road possibility of choice of the road &ayory enabled primarily on the urban and rural
territories, and then by category of road and speed limits. Parameters can be adjusted and
changed.

Adaptation and change of parameters are enabled through the interface of the software package
MOVES, but aso directly by entering data in forms and templates that are generated and contain data
in text format or excel format.

Emission processes are also defined categories related to moving and stationary vehicles at certain
locations.

Example of applicatioMOVES package (Dresser, 2012) for the evaluation of the effects of mobile
sources of emissions of pollutants of the environment based on the initial preparation of data
processing, i.e. after the choice of location.
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Catio e Corterits of othes
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[Save octive RunSpec as a dffer e name

Figure 1. Selectionf the location and input of the types of vehicles and types of fuels used

In order to demonstrate the possibilities of application of the MOVES tools, Despot Stefan street in
Belgrade was selected, and the initial analysis was performed of the avdaidiorit is necessary to
prepare the appropriate parameters relevant in terms of the preparation of the input parameters for the
selected project area. For this purpaseoverview of the segments of streets with intersections was
made, the zone definetound the block and around the intersections with special emphasis on the
beginning and the end of the street. From the point of analysis, different time periods are of interest,
such as morning or afternoon rush hour, the level of day or month orQ@earpossibility is to
calculate the emission and emission rates per unit of distance for moving vehicles and starting the
engine of the vehicle, which are in operating mode, but are not moving and the vehicles that are at a
standstill.

Taking into accounthe possibility of the MOVES package for parameter calculation, the parameter
can be determined, based on an analysis of the expert team, which would carry out the calculations of
emission of air pollutants for the set parameters, as well as creatisubkzation and display using

GIS tools (3SAQS, 2013).
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