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INTRODUCTION

Science has a very important role in raising awareness of the importance of responsible use of natural
resources and environmental protection. We, as scientists and individuals, should have a mission to
find new ways for prevention of damage caused by rising levels of pollution, nuclear waste, depletion
of non-renewable natural resources and to find a balance between rapid scientific and technological
progress, on one hand, and protection of environment and health, on the other.

The Faculty of Technical Sciences “Mihajlo Pupin® from Zrenjanjin, as a part of the University of
Novi Sad, in cooperation with the Politechnica University from Timisoara, Romania, has organized
the Second International Conference “Ecology of Urban Areas 2012” (URBANECO 2012).

The conference is organized bearing in mind the importance of the ecological aspect in the
sustainability of urban areas and its activities are aimed at the presentation of issues related to
protection and development of urban areas in the region and beyond.

It aims to enable and expand regional and international cooperation between the University of Novi
Sad and other educational institutions and businesses, especially the Politechnica University from
Timisoara, thus increasing the level of professional and scientific activities at the Faculty of Technical
Sciences “Mihajlo Pupin® from Zrenjanin. We wish to engage research capacities in the region to
solve the problems of protection of urban environment, to enhance the level of research in this area,
and the interest of the economy for the introduction of new technologies.

The indirect aim of the project is the promotion of the Faculty of Technical Sciences from Zrenjanin
as one of the bearers of economic and social development in the Banat region.

The aims of the International Conference “Ecology of Urban Areas 2012 are in full accordance with
the priorities of the adopted Strategy for Sustainable Development as well as the Scientific and
Technological Development Strategy of the Republic of Serbia.

Topics which will be dealt with at this year’s conference are: Air quality, Management of solid urban
waste, Water quality in urban areas (ground water, drinking water, waste water and facilities), System
of ecological management (ISO 14000), Economics of sustainable development of urban areas, Noise
and vibrations in urban areas, Electro and electro- magnetic pollution in urban areas, Climate changes
and urban pollution, Transfer stations in the system of management of solid communal waste, Spatial
planning and greening in urban areas, Development of urban ecology through educative and
information activities, ICT in the ecology of urban areas, Accidents in urban areas, Environmental
aspects of traffic in urban areas, Impact of agricultural activities to urban area and Public health and
the ecology of urban areas.

We would like to express our gratitude to the Ministry of Environment, Mining and Spatial Planning
of Serbia, the Ministry of Education and Science of Serbia, the Ministry of Economy and Regional
Development of Serbia,Serbian Chamber of Commerce, Provincial Department of Science and
Technology and Provincial Secretariat for Environmental Protection and Sustainable Development.

Finally, we wish to thank all the authors of papers and participants in the Conference in hope that we
will continue our cooperation successfully in the future and that each new year will bring better ideas
and solutions to help raise awareness of the responsibility we hold today for the well-being of future
generations.

President of the Organizing Committee
Ph.D Vjekoslav Sajfert
Zrenjanin, October 2012.




Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

WORD OF THANKS

We wish to thank Ministry of Education and Sciences, Republic of Serbia
for supporting the organization of
Il International Conference ,,ECOLOGY OF URBAN AREAS 2012«

Conference participants are from the following countries:

Serbia

Bulgaria Croatia

Czech Republic " France Hungary
*
India Macedonia Montenegro

Romania Slovenia
United Kingdom United States of America Germany

Greece Slovakia Italy




Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

CONTENTS

ATR QUALLITY ittt b e b b bRt bbbt e eh e Rt bt bt e et e e ar e r e sb e b e 12
STUDY ON ATMOSPHERIC WATER VAPOR CONTENT, COMPARING DATA COLLECTED FROM
WEATHER STATION AND SUN PHOTOMETER DIRECT MEASUREMENTS ..., 13

Delia Calinoiu, Gavrila Trif Tordai, loana lonel, Milan Pavlovi¢, Francisc Popescu, Mirjana Sevaljevié, Laszld
Makra, Nicolae Lontig

THE EXAMINATION OF THE SEASONAL INFLUENCE ON THE GROUND-LEVEL OZONE BUILD-UP
AND DECAY KINETIC, BASED ON THE URBAN AIR MONITORING...........cooceiieiiieecec e 19
Milan Pavlovi¢, Ioana lonel, Mirjana Sevalj evié, Francisc Popescu, Aleksandar Puri¢

THE STUDY OF THE SEASONAL INFLUENCE ON SUSPENDED PARTICLES PM10 ELECTRO-

KINETIC POTENTIAL, BASED ON THE URBAN AIR MONITORING ......c.cccviiinieiieneee e 23
Milan Pavlovi¢, Ioana Ionel, Mirjana Sevaljevi¢, Francisc Popescu, Aleksandar Purié
POST-COMBUSTION CO, CAPTURE TECHNOLOGIES FOR COAL-FIRED POWER PLANTS.............. 28

Dumitru Cebrucean, Viorica Cebrucean, loana lonel

DETERMINATION OF REACTION ORDER AND LIMITING STEP OF REACTION RATE OF
NAPHTHALENE OXIDATION IN PRESENCE OF CR-DOPED TIO, PHOTOCATALYST OBTAINED BY

CHEMICAL VAPOR DEPOSITION (CVD) ...utiitiieiieieiesiesie et eesie e st seese e stesse e ssaeneensesaesaessessessenns 37
Mirko Marinkovski, Perica Paunovic, Goran Nacevski, Kiril Lisichkov, Stefan Kuvendziev

THE DEVELOPMENT OF AMBIENT AIR QUALITY MONITORING ON APV TERRITORY .......ccccceeue. 45
Bogdana Vuji¢, Vojin Kerleta

MODELS OF AIR QUALLITY ettt ettt sttt e e te e e e ae e snt e nteente e be e teeseeaneesneesneenneennas 52
Jasna Tolmac, Dragana Dimitrijevi¢, Slavica Prvulovi¢, Dragisa Tolmac

AIR POLLUTION IN ZITOPRODUKT AD ZRENJANIN .....cotieeeeieeeeeeeeeee e ee et ses e 58
Gordana Ludaji¢, Ljiljana Bajevi¢, Nada Filipovi¢, Danijela Jasin, Jelena Kiurski-Milosevié¢

LINEAR EXPANSION OF AIR POLLUTION ....oiictii ittt ettt etee s stte e saae e svae e saeeesbae e saneesrneens 62
S. Ja¢imovski, S.Miladinovi¢, V.Ilijazi, V.M.Zori¢, I.J.Setraj¢i¢, S.Armakovié, J.P.Setraj¢i¢

THE INFLUENCE OF AIR POLLUTANTS ON HUMAN HEALTH.....ccciiiiiiecee et 68
Aleksandar Djuric, Nikola Karanovic, Slobodan Trifkovi¢, Nicolae Lontis

ATR QUALLITY Lottt ettt e st e s te et e e st e eatees s e et e e be e s te e s beesee s s e e sbeeateeteeneeenseansenteesseesteeeeeseeas 78

Sanja Panti¢

IMPACT OF CHANGES IN CO2 CONCENTRATION AND TEMPERATURE ON GLOBAL WARMING. 83
Ivan Tasi¢, Jelena Tasi¢, Dajana Tubi¢, Teodora Miti¢

MANAGEMENT OF SOLID URBAN WASTE ......cocoiiiiitiiini ettt 87
TRANSFORMATION OF URBAN WASTE INTO BUILDING MATERIALS: PET LIQUID

CONTAIUNERS ...ttt ettt ettt et e st e e bt e s te e st e aheeeheesaeeaeeem s e emeeeaeenbeenbeesteenteaneesneeaneeneas 88
Miodrag Popov, Daniel Grecea

CHEMICAL ACTIVATION OF THE RED OPALITE AND IT’S CHARACTERISTICS......ccoovviviirceeeenee. 98

Blagica Cekova

INTEGRATED IMPACT ASSESSMENT OF TECHNOGENIC AND TOXIC SUBSTANCES ON
ENVIRONMENTAL QUALITY IN THE INDUSTRIAL COMPLEX ”ZELEZARA” SKOPJE..................... 103
Goran Nacevski, Kiril Lisichkov, Perica Paunovic, Mirko Marinkovski, Stefan Kuvendziev

ENVIRONMENTALLY CONSCIOUS VEHICLE RECYCLING: A DISTRIBUTION OF THE CURRENT
LITERATURE AND RESEARCH OPPORTUNITIES ... ..ottt 109
Vladimir Simi¢

PROCEDURES FOR METALLURGICAL PROCESSING OF COPPER SECONDARY RAW

YN I PSS 119
Miroslav Soki¢, Zvonko Gulisija, Ilija Ili¢, Vaso Manojlovi¢
PERSPECTIVES IN VEHICLE RECYCLING: A STATE-OF-THE-ART SURVEY .....cccccooviiinieieeneeieene 126

Vladimir Simié




Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

WATER QUALITY IN URBAN AREAS (GROUND WATER, DRINKING WATER, WASTE WATER
AND FACILITIES) ..ottt bbb bbb bbbttt bbbt b bt nn s 136

RADIATION INTENSITY DISTRIBUTION IN A RECTANGLE CROSS SECTION UV REACTOR......... 137
Jesa Kreiner, Purde Milanovi¢, Vjekoslav Sajfert, Slobodan Obradovi¢, Srdan Milanovi¢, Miodrag Popov,
Nicolina Pop, Dusan Popov, Ljiljana Maskovi¢

ENVIRONMENTAL MANAGEMENT OF THE SEWAGE SLUDGE RESULT FROM WASTEWATER
TREATMENT PLANTS IN ROMANIA AND THE EU. CASE STUDY - THE WASTEWATER
TREATMENT PLANT OF TIMISOARA ...ttt ettt e st e sttt s s s eate e e s stb e e s sbee e s sbbeeesesbaeeens 145
loan Neamt, loana lonel

BIOSORPTION OF HEAVY METALS FROM AQUEOUS SOLUTIONS BY MICROBIAL BIOMASS..... 152
Kiril Lisichkov, Stefan Kuvendziev, Snezana Filip, Ljatifi Mahi, Mirko Marinkovski, Dejan Dimitrovski

IMPACT OF ECOLOGICAL FACTORS WITHIN FOREST ECOSYSTEMS ON WATER FLOW AND
RETENTION ...tttk a e bbbt e b e st e st e e e e b e e b e eb e e st em e e st e ee e e ke ebe e bt e beemeebesbesbesbeareane e 159
Ivana Letic, Dusko Letic, Vesna Nikolic, Ljubomir Letic

SEASONAL ELECTRIC POLARIZATION OF THE CHEMISORBED OXYGEN IN THE URBAN RIVER

WWATER ..ottt et e et R et R et R Rt R R e R e R e Rttt r e 164
Petar Sevaljevi¢, Olivera Grozdanovié, Mirjana Sevaljevié
UV WATER TRANSPARENCY IN HYDROGEN PEROXIDE PRESENCE ..........cccooeoiiiniiiineee e 168

Miomir Vasiljevié, Tatjana Mitrovi¢, Purde Milanovié¢, Vjekoslav Sajfert, Slobodan Obradovi¢, Srdan
Milanovié¢

ASSESSMENT OF GROUNDWATER QUALITY IN ZRENJANIN BASED ON FUZZY LOGIC............... 172
Jelena Kiurski-Milosevi¢, Mirjana Vojinovié¢ Miloradov, Danijela Jagin, Aleksandra Suéurovié, Gordana Ludajié
METHODS USING PASSIVE SAMPLING TECHNIQUES IN SEDIMENT .....c..cooiiiiiiiieeece e 181

Maja Stupavski, Mirjana Vojinovi¢-Miloradov, Maja Turk-Sekuli¢, Jelena Radonié, Jelena Kiurski-MiloSevié,
Srdan Kovacevié¢, Zoran Cepi¢, Marija Okuka

PRELIMINARY QUALITATIVE ANALYSIS OF PHTHALATES AS INDUSTRIAL CHEMICALS IN
SURFACE WATER AND WASTEWATER IN THE VICINITY OF NOVI SAD.......cccociiiiinieeneneeeen, 187
Mirjana Vojinovi¢ — Miloradov, Maja Pogo, Srdan Kovacevié, Jelena Radoni¢, Maja Turk Sekuli¢, Dusan
Milovanovi¢, Nevena Senk

ARSENIC REMOVAL FROM WATER USING INDUSTRIAL BY-PRODUCTS. .........cccoiiniineneeneeene, 192
Branislava Jovanovi¢, Dana Markovi¢, Vladana Rajakovi¢-Ognjanovi¢, Ljubinka Rajakovié

SEASONAL TEMPERATURE AND POLUTION INFLUENCE ON OXYGEN SATURATION IN THE

URBAN RIVER WATER ..ttt e e e e e et e e e e e e e e bbb e e e e e e e e s eabaereeeeeessnrrees 202
Miladin Sevaljevi¢, Milan Pavlovié¢, Mirjana Sevaljevi¢
ECO WASTE AS BIOSORBENT FOR LEAD.......c oottt ettt e 207

Jelena Milojkovi¢, Mirjana Stojanovi¢, Zorica Lopi¢i¢, Marija Mihajlovi¢, Mirko Grubisi¢, Marija Petrovi¢

QUALITY OF DIFFERENT DRINKING WATERS IN SETTLEMENTS OF AUTONOMOUS PROVINCE
OF VOUIVODINA ettt ettt e b e et e e et e e e be e e be e ebeessbeeeabeessbeesabeessbeesabeessbeesabeessbeeaabeessbeesateeanns 213
Marina Séiban, Dragana Kuki¢, Vesna Vasi¢, Jelena Prodanovié¢

THE INFLUENCE OF SEASONAL TEMPERATURE CHANGE RATE ON THE RELAXATION
PROCESSES IN THE RAW AND CHLORINATED WATER OF ZRENJANIN URBAN WATERWORK.. 220
Isidora Mijatovié-Proti¢, Mirjana Sevaljevi¢, Natalija Aéin, Milada Novakovié¢, Tatjana Nikolin, Zlatibor
Veljkovié

THE LATEST NANOMETAL OXIDES (NMOS) FOR THE ADSORPTION OF HEAVY METALS FROM

WASTE WATERS ...ttt et e et e e e e e et e e et e e e e eateeeeesbeeeeenseeeesaateeesasseeeeaseeeesseeeeeasseeeeans 225
Aleksandra Sucurovié, Jelena Trickovi¢, Danijela Jasin, Jelena Kiurski MiloSevi¢, Gordana Ludaji¢

THE APPLIED REMEDIATION METHODS OF SOIL AND GROUNDWATER IN SERBIAN OIL
INDUSTRY, NS ittt bttt et b e e bbb e bt e b b e bt e b e b et e bt et e be e erenbe b ene et 235
Milana Bera, Djordje Komnenov, Radenko Kosanic, Mila Bacic-Milinski, Svetlana Duvnjak

COMPARISON OF THE PRIMARY TREATMENT OF ORGANIC MATTER REMOVAL EFFICIENCY
FROM WATER, COMBINED WITH OZONATION OR ADSORPTION ON CARBON POWDER............. 242
Acin Natalija, Bozo Dalmacija, Milada Novakovi¢, Zlatibor Veljkovié




Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

DECREASE OF THE CONTENT OF NATURAL ORGANIC MATTER IN GROUNDWATER
PREOZONATION PROCESES AND COAGULATION .......ooiii ittt ettt ettt 247
Ivana Pusi¢, Danijela JaSin, Aleksandra Suéurovié, Jelena Kiurski-Milogevié¢, Mira Kovagevié

QFD METHOD AND SIGNIFICANCE OF ITS APPLICATION IN DESIGNING QUALITY OF DRINKING

WATER ..o s 252
Svetlana Dobrosavljev, Savina Purin, Dragan Cockalo

SYSTEM OF ECOLOGICAL MANAGEMENT (I1SO 14000).......ccccuerrreerenrereneneenesneresesseesesnee e 261
ENVIRONMENTAL MANAGEMENT AND ENVIRONMENTAL INFORMATION SYSTEMS IN
EUROPEAN UNION ...ttt b bbbt b et sn e n e nr e nr e 262
Milica Stankovic, Danijela Glusac

ECONOMICS OF SUSTAINABLE DEVELOPMENT OF URBAN AREAS.........ccoooiii e, 269
PARAMETERS OF MICRO-LOCATION AS A FUNCTION OF THE ENERGY EFFICIENCY OF
BUILDING ..ottt h e e E bbbt et e et Rt e bt b et e e e an e r e sb e nr e 270

Ivana Bogdanovi¢ Proti¢

STORAGE AND USE OF BIOMASS FROM MUNICIPAL SYSTEMS FOR ENERGY PRODUCTION..... 276
Srecko Curcic, Sandra Milunovic, Milan Pavlovic

ECO FASHION ..ottt r e h e Rt e Rt s e Rt s et R s e st r e nr et nenn e b e nn e arennes 283
Stanislava Sindjelic, Srdjan Cakic, Nadezda Ljubojev, Marija Savi¢, Zlatibor Veljkovié

PROCESSES IN ECO MANAGEMENT FOR SUSTAINABLE DEVELOPMENT .......cccoovviiniicneeeneens 288
David Novak, Maja Siljanovski

ECOLOGICAL CRISIS AND CORPORATE RESPONSIBILITY ..oooiiiiiiiiieiee e 297
Maja Siljanovski, David Novak

NOISE AND VIBRATIONS IN URBAN AREAS ...t 305
NOISE MEASUREMENTS IN THE BELGRADE ZOO .......ccoiiiiiiieiiiiitseeeee e 306

Sonja Krsti¢, Dragan Drinci¢, Miroslav Trifunovi¢, Milan Milenkovié

TECHNICAL ASPECTS OF REQUIREMENTS REGARDING EXPOSURE TO VIBRATION AT

WWORKPLACE ... .ottt sttt b ettt sttt st e bbb e bk e st e b e bt e bt e bt e b e e ke b e be e be s ebesbe st e s e e te st nentns 316
Slobodan Jankovic, Viekoslav Sajfert, Vladimir Sinik

THE MAPPING THE RAILROAD NOISE ACCORDING TO STANDARDS .......cccooieiiiinieieseneesesieeeen, 326
Zivoslav Adamovic, Ljiljana Radovanovic, Eleonora Desnica, Jasmina Pekez, Zdravko Spiric

ELECTRO AND ELECTRO-MAGNETIC POLLUTION IN URBAN AREAS.........cccocoiiiiieiniieeenn, 333
MOTHERBOARDS AND OTHER CIRCUIT BOARDS IN WEEE RECYCLING PROCESS..........c.ccceueuue. 334
Milan Opalic, Milan Kljajin, Branimir Markulin-Grgic

RECYCLING OF ELECTRONIC WASTE IN REPUBLIC OF SRPSKA ..ottt 340
S. Mirjanic¢

THE RADIATION OF ELECTROMAGNETIC FIELDS OF VERY LOW FREQUENCY ......ccccovviirenininen. 348
Kemal Dervié, Slobodan Jankovié, Zeljko Despotovi¢, Vladimir Sinik, Vojin Kerleta

LASER TECHNIQUES APPLICATIONS IN ECOLOGY ....cociiiiiieiiiiiieisie ettt sttt sneseere e 357

Milesa Sre¢kovi¢, Zoran Latinovi¢, Dragan Knezevi¢, BPurde Milanovi¢, Zoran Stevi¢, Sanja Jevtic, Zeljka
Tomié, Dragan Druzijani¢

CLIMATE CHANGES AND URBAN POLLUTION ....ociiiiiiiiiiii e 367
MITIGATING THE CLIMATE CHANGES THROUGH LIGNOCELLULOSIC BIOETHANOL
PRODUCTION: THE ENZYMATIC HYDROLYSIS CHALLENGE........ccccoioiiiiieie e 368

Darjana Iveti¢, Marina S¢iban, Mirjana Antov

OPEN SPACE DESIGN AS A TOOL FOR ADAPTING CITIES TO CLIMATE CHANGE: POSSIBILITIES
FOR INTEGRAL APPROACH ...ttt ettt e et et sne e st e ste e e e naeeneesreesneesseenseenneeneennee e 375
Jelena Zivkovié, Ksenija Lalovi¢, Danijela Milovanovié-Rodié




Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

SPATIAL PLANNING AND GREENING IN URBAN AREAS ...t 385
ORNAMENTAL PRUNUS TAXONS (PRUNUS SERRULATA LINDL. AND PRUNUS FRUTICOSA PALL.
"GLOBOSA’) ON NOVI SAD GREEN AREAS ..o s 386

Jelena Nini¢-Todorovi¢, Vladislav Ognjanov, Jelena Cukanovié¢, Aleksandar Kurjakov, Emina Mladenovic,
Mirjana Ljubojevi¢, Jovana Dulié¢

PLANTS AS DESIGN ELEMENTS OF URBAN SCENOGRAPHY ......coviiiiirieiniesenreese s 393
Ana Gaci¢, Ivana Blagojevié¢

POSSIBILITIES OF LEGISLATIVE AND METHODOLOGICAL CONSOLIDATION BETWEEN
PROCESSES OF DEVELOPMENT OF SPATIAL PLANS AND SEA ..ottt 401
Marina Nenkovié-Riznié, Jelena Stevanovic¢ Stojanovié

DEVELOPMENT OF URBAN ECOLOGY THROUGH EDUCATIVE AND INFORMATION

ACTIVITIES .o b et b b st b bt b et e b e e ar b e e e 410
WAYS OF PROMOTING EDUCATION AND RAISING PUBLIC AWARENESS ABOUT SUSTAINABLE
DEVELOPMENT ON THE TERRITORY OF THE MUNICIPALITY OF LUCANI .......cccooviiiiinie, 411

Ljilja Kascak, Neda Nikolic, Miodrag Zecevic
CREATING AN INTERNATIONAL NETWORK OF WATER RESOURCES SPECIALISTS THROUGH A

DISTANCE LEARNING PROGRAMMIE .......ccoiiiiiiiiie ettt ettt st s s be e be e ba e rnas 417
Zorana Naunovi¢, Branislava Jovanovic, Ljiljana Jankovié¢, DuSan Kosti¢, Marko Iveti¢

ENVIRONMENTAL AWARNESS AMONG CHILDREN UNDER 7 YEARS ..., 425
Ivana Blagojevi¢, Jelena Cukanovi¢, Emina Mladenovi¢, Ana Gagié

IMPORTANCE OF SCHOOL FOR ECOLOGICAL EDUCATION ....oioiiieiiieiic et sive e 432
Danijela Jasin, Matilda Lazic, Anja Stojsin, Gordana Ludajic, Jelena Kiurski-Milosevic

ENVIRONMENTAL AWARENESS OF YOUTH IN THE MUNICIPALITY ZRENJANIN .......cccoovevrnene, 437
Sandra Banjanin, Danijela Jasin, StaniSa Banjanin, Anja StojSin

ENVIRONMENTAL PROTECTION IN ELEMENTARY SCHOOL EDUCATION .....c.ccoceoviiveee e, 444
Nina Djapic

GENERAL CHARACTERISTICS OF ANIMALS RIGHTS PROTECTION IN CONTINENTAL AND
ANGLO-SAXON LEGAL SYSTEMS ... ..ottt ettt ee et tee e saee e sbae e sbr e e steeesbbe e saaeesareens 447

Nadezda Ljubojev, Dragica Ivin, Stanislava Sindjelic, Zlatibor Veljkovic
ENVIRONMENTAL PROTECTION IN ELEMENTARY SCHOOL TEXTBOOKS OF BIOLOGY AND

CHEMISTRY ottt bbbk E bbb s b b e b bt b bt e b bt bbb bt b b e nens 457
Nina Djapic, Snezana Filip

ICT IN THE ECOLOGY OF URBAN AREAS ..ottt 461
GREEN IT INITIATIVE IN SCHOOLS .....c.ooiiiitiiititeei ettt 462
Jayanti S. Ravi, Narendra Chotaliya, Ljubica Kazi, Zoltan Kazi, Dusko Letic

DATABASE MODELING IN ECOLOGY ...c.ociiiiiiiiiieiieiiite ettt ettt sttt st sn et sn et nne et 468
Zoltan Kazi, Biljana Radulovic, Dusko Letic, Snezana Filip

ACCIDENTS IN URBAN AREAS ... .ottt bbbttt 474
LIQUEFIED PETROLEUM GAS (LPG) ACCIDENTS, ECOLOGY AND FORENSICS..........cccovvinirinnennn. 475
Vojkan Zori¢, Stevo Jaéimovski, Vjekoslav Sajfert, Jovan Setraj¢i¢, Stevan Armakovié, Igor Setrajéié
ENVIRONMENTAL ASPECTS OF TRAFFIC IN URBAN AREAS .......c.cooiiiiieee e, 479
POTENTIALS FOR DEPOLLUTION END-OF-LIFE VEHICLES AND THEIR IMPORTANCE FOR
ENVIRONMENTAL QUALITY IN SERBIA ..ottt st 480
Aleksandar Tomovié, Milan Pavlovi¢, Vaso Manojlovi¢, Marko Simié

IMPACT OF AGRICULTURAL ACTIVITIES TO URBAN AREA........cco ittt 488
ECOLOGY AND THE USE OF CHEMICAL AGENTS IN AGRICULTURE .......ccccoiiiiriincneece e 489

Viara Pozidajeva, Katarina Zivkovic, Dragan Zivkovi¢

10



Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

IMPACTS OF AGRICULTURAL ACTIVITIES ON SPATIAL DEVELOPMENT OF PERI-URBAN AREAS

IN SERBIA ...ttt ettt ettt e ettt e e et e e bt e e e bee e ebee e ebeeabeeeebeeebbeeebeeebeeeabeeebbeeabeeebbeesbbeestbeeateeeatreens 497
Jelena Zivanovi¢ Miljkovi¢, Gordana Dzuni¢, Jasmina Purdevi¢

DEGRADATION OF PESTICIDES IN SOIL ....uviiiieiiiic ettt sttt e naae s tv e snee s sbneenaesnnas 505
Mira Kovacevi¢, Gordana Ludaji¢, Jelena Peri¢, Danijela Jasin

PUBLIC HEALTH AND THE ECOLOGY OF URBAN AREAS ...t 510
CONTAMINATION OF SOIL WITH HEAVY METALS AND THEIR GEOCHEMICAL AN
NN 17N 1 (] OSSR 511

Markoska Vesna, Cekova Blagica

POSSIBILITY OF RECYCLING MEDICAL WASTE IN THE REGION BIJELJINA IN THE FUNCTION OF
ENVIRONMENTAL PROTECTION ....ooiiiiiiiiiiie e 515
Slobodan Trifkovi¢, Aleksandar Djuric

LOW DOSES EFFECTS OF EMERGING SUBSTANCES, PSEUDOPERSISTANCY AND HAZARD
CONCEQUENCES TO AQUATIC ENVIRONMENT AND PUBLIC HEALTH.....cccoeeiiicieieece e 523
Mirjana Vojinovi¢ Miloradov, Milorad Miloradov, Maja Turk Sekuli¢, Jelena Radoni¢, Milena Sto$i¢

A COMPARISION OF BRACKET DEBONDING FORCES BETWEEN THE TWO ADHESIVES: CON TEC
LC AND CON TEC DUOD ..ottt n e sr e n e an e nn et nn et nesn e enenn e arennes 534
Vladan D. Mirjani¢, Slobodan Cupié¢, Ana Setrajéi¢-Tomi¢, Stevan Armakovié

POPULATION EXPOSURE TO IONISING RADIATION: DOSE MAGNITUDE AND BASIC RADIATION
PROTECTION PRINCIPLES ..ottt nn et b bbb 539
Olivera Ciraj-Bjelac, Dragana Todorovi¢, Gordana Panteli¢, Milojko Kovadéevi¢

DISPOSAL OF ASH FROM THE THERMAL POWER PLANT ,,NIKOLA TESLA B“ AND THE IMPACT
OF ASH ON THE ENVIRONMENT AND HUMAN HEALTH IN THE REGION.........cccccovveviiiiiie e, 550
Marko Simié, Milan Pavlovié¢, Aleksandar Tomovié

REMEDIATION POLICY OF RADIOLOGICALLY CONTAMINATED SITES: PERSPECTIVES IN
SERBIA o R R n 557
Marija Mihajlovi¢, Mirjana Stojanovi¢, Zorica Lopici¢, Jelena Milojkovi¢, Marija Petrovi¢, Mirko Grubisic¢

THE INFLUENCE OF ’ZELEZARA SMEDEREVO’’ ON THE QUALITY OF THE ENVIRONMENT AND

HEALTH OF THE PEOPLE IN THE SURROUNDINGS .......coociiitiitite ettt 564
Slobodan Miladinovic, Stevo Jacimovski, Miodrag Popov, Dalibor Keki¢

WELDING FUME AND GAS EXPOSURE IN THE WELDING ENVIRONMENT .....c.ccocvviiiiiieerecieer, 575
Jelena Djeri¢, Dusan Jovanié, Danijela Jasin, Mira Kovacevi¢, Gordana Ludaji¢

INFECTIOUS MEDICAL WASTE TREATIMENT ...ooiiiiii ittt evee et s s stee s erve s ree e saae s saeeesnne e 583

Zorica JuriSi¢, Natasa Raki¢, Aleksandar Pavlovié

11



Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

AIR QUALITY

12



Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

Il International Conference
»,ECOLOGY OF URBAN AREAS* 2012

STUDY ON ATMOSPHERIC WATER VAPOR CONTENT,
COMPARING DATA COLLECTED FROM WEATHER STATION AND
SUN PHOTOMETER DIRECT MEASUREMENTS

Delia Calinoiu®, Gavrila Trif Tordai', loana lonel*, Milan Pavlovi¢?, Francisc Popescu®’,
Mirjana Sevaljeviéz, Laszlo Makra3, Nicolae Lontis1
'Faculty of Mechanical Engineering, “Politehnica” University of Timisoara, Romania
“Faculty of Technical Sciences “Mihailo Pupin”, University of Novi Sad, Zrenjanin, Serbia
*Department of Climatology and Landscape Ecology, University of Szeged, Hungary
ingfrancisc@gmx.net

ABSTRACT

The paper gives the amount of water vapor above Timisoara, Romania. Data used to calculate the amount of
water vapor is taken from sun photometer and weather station located at “Politehnica” University of Timisoara
(45.74 N; 21.22 E). The study was achieved for March - December 2011. The extraction of water vapor amount
from sun photometer measurements relies on a measurement in the region of water vapor absorption at 940 nm.
To apply the empirical models, the temperature, barometric pressure and humidity content has been taken from
weather station.

Key words: sun photometer, weather station, water vapor, AERONET, temperature, humidity.

INTRODUCTION

Earth’s atmosphere contains roughly 78.08% nitrogen, 20.95% oxygen, 1.247% water vapor (a
variable amount), 0.93% argon, 0.038 carbon dioxide and other gases. This value was determined by
National Center for Atmospheric Research (http://ncar.ucar.edu/). This water vapor makes up less than
0.001% of all the water on the Earth and this is important to our climate.

Aerosols play important roles in global climate change by increasing backscattered solar radiation and
by absorbing solar and longwave radiation and also, by altering cloud properties.

Sun photometry has the capability to describe characteristic features of different air masses and the
aerosol sources that affect the climate. Aerosol optical depth and size distributions can be derived
remotely through solar direct beam measurements at a range of wavelengths and zenith angles
(Kanfman et al., 2002; Dubovnik et al., 2002; Dubovnik et al., 2000; Popescu et al., 2010). From
aerosol optical depth can remove the required amount of water vapor.

A sun photometer is an optical instrument for the measurement of the spectral solar radiation. The
spectral resolution depends on the number of channels. The range of wavelength is between 340 -
1640 nm. The 940 nm channel is used for column water abundance determination.

The Aerosol RObotic NETwork (AERONET) is a global network of sun photometers. In this network
exists over 700 instruments, 5 of them being in Romania (AERONET-NASA; Holben et al., 1998).
The network hardware consists of identical automatic Sun—sky scanning spectral radiometers owned
by national agencies and universities. AERONET provides not only spectral aerosol optical depth, but
also derived aerosol properties, such as, single-scattering albedo, asymmetry parameter, phase
function, and size distributions of aerosol particles at a given location.
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This paper presents the results of continuous measurements of aerosol optical properties from whence
is extracted amount of water vapor over Timisoara for almost 1 year. And, from values recorded by
the weather station, using several methods is deducted the amount of water in the atmosphere.

The measurements taken from weather station and used in this paper include temperature, barometric
pressure and humidity.

This analysis is very important, because water vapor is the most potent greenhouse gas.
EXPERIMENTAL

The sun photometer and weather station is located on the roof of the Mechanical Engineering Faculty
of “Politehnica” University of Timisoara (figure 1), with coordinates: 45.74 N; 21.22 E.

The sun photometer from Timisoara is connected at AERONET site (http://aeronet.gsfc.nasa.gov),
ranking #645.

Figure 1 left presents the components of sun photometer. This is composed of an optical head, an
electronic box and a robot (Sunphotometer, 2010).

A 1

Figure 1. Sun photometer and weather station located at “Politehnica” University of Timisoara

The optical head has two channel systems: the sun collimator and the sky collimator. The sun tracking
is equipped with a 4- quadrant detector. The electronic box contains two microprocessors for real time
operation for data acquisition and motion control. In automatic mode, a ‘wet sensor’ detects
precipitation and forces the instrument to park and to protect the optics. The robot is moved by step-
by-step motors in two directions: in the zenith and azimuth planes. The sun photometer accomplishes
two basic measurements, either direct sun or sky, both within several programmed sequences. The
direct sun measurements are made in nine spectral bands (340, 380, 440, 500, 670, 870, 940, 1020 and
1640 nm) requiring approximately 10 seconds. The 940 nm channel is used for column water
abundance determination. Sky measurements are performed at 440 nm, 670 nm, 870 nm, and 1020
nm. Two basic sky observation sequences are recorded: the “almucantar” and the “principal plane”.

RESULTS AND DISCUSSIONS

Sun photometer measures the spectral extinction of the direct solar radiation. This is expressed in the
Beer-Lambert-Bouguer law:

V, =V, ((jj_oj exp(—z-m) 1)

where:
V is the digital voltage, in V,
V, - extraterrestrial voltage, in V,
A - wavelength, in nm,
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m — optical air mass,

d, - the average Earth - Sun distance, expressed in astronomical units (AU),

d - the Earth - Sun distance on the day of observation, expressed in astronomical units (AU),
7, - total atmospheric optical thickness.

The air mass is calculated as function of the solar zenith angle. Absorption by water vapor is restricted
to narrow spectral bands. The extraction of water vapor amount from sun photometer measurements
generally relies on a measurement in the region of water vapor absorption at 940 nm. The aerosol
effect is removed by extrapolating the value based on an adjacent band outside the absorption or, by
interpolation between two adjacent bands. Equation 1 is not valid since exponential attenuation applies
strictly to monochromatic radiation and is invalid across the broad region of water vapor absorption.

Transmission in the water vapor band (T,,) can be modeled as:
T,, = exp(—am’W")
where:
Tw is transmission in the water vapor,
W - vertical column abundance

a, b - constants depend on the wavelength position, width and shape of the sun-photometer filter
function, and the atmospheric conditions.

(2)

Figure 2 presents the variation of water vapor depending to the Julian day. In this paper the range for
Julian day is between March — December 2011. Value for the amount of water vapor is given in cm.
Under normal pressure, atmospheric height standard is 8 km of which enter 1 - 7 cm represents the
variation in the amount of water vapor. In figure can be see the variation amount of water vapor from
spring to winter. The amount of water vapor presents the maximum during summer.

The average amount of water vapor in the studied period has a value of 1.405 cm, with an error of
1.0039 % (table 1).

Table 1: The average water vapor from Timisoara station during March — December

Month | Mar | Apr | May | Jun Jul
w 0.979 | 1.251 | 1.844 | 2.368 | 2.453
Month | Aug | Sep | Oct | Nov | Dec
w 2.493 | 2.192 | 1.066 | 0.915 | 0.786
~ 4 *
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Figure 2. Water vapor during March to December 2011 at Timisoara

From figure 3 can be observed that frequency distribution the amount of water vapor is over 14 % for
0.75—1.25 cm. In intervals 0.50 — 0.75 cm and 2.00 — 2.25 cm, occupation frequency is 12 %.
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Figure 3. Frequency distribution of water vapor during March to December 2011 at Timisoara

Another way to calculate the water column content is using Hann’s equation 3 (Hann, 1991):
w=0.25-pg,, -RH (3)
where:
w is water vapor column , in g/cm2,

Psat — Saturation pressure of water vapor, in (hPa),
RH - relative humidity of the air, %.

The saturation pressure of water vapor is given in equation 4:
77.3450+0.0057T 7235 T 8.2
Psat =€ IT 4)

where: T is temperature, in K.

Inserting equation 4 into 3 is obtained water vapor, knowing the temperature and the relative humidity.
Precipitable water product consists of column water-vapor amounts. An alternative method often used
to calculate the amount of precipitable water is given by Lencker (Lekner, 1978). Lencker’s
correlation expresses the precipitable water in terms of relative humidity:

L
RH psat (5)

5416
PL. = 0.01e><p(26.23—?) (6)

w, =49.3

Knowing the RH and inserting the equation (6) into (5) is obtained another value of water vapor. More
recently, Gueymard (Gueymard, 1993) introduced a new relationship between w and the surface
temperature and relative humidity given by equation (7).

* G

w, = 21.67H, RO Peat ()

Where:

W is precipitabel water given by Gueymard,
psGat - saturation pressure of water vapor given by Gueymard.
In pfat = 22.33—49.14@—10.922 @ —O.3902L (8)
T T 100
T T T )
H, =0.4976+1.5265 +exp(13.6897* —14.9188 ) 9)
273.15 273.15 273.15

16



Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

In the absence of an atmospheric sounding or solar spectral measurements, the linear relationship
between the logarithm of w and dew point temperature Tg, has been often used to calculate precipitable
water with Igbal equation (3) (Lecker, 1978):

Inw=a+bT, (10)

where:

a and b is parameters, being calculated for every place and for a specific sampling time,

T4 - dew point temperature, in °C.

The values for a and b parameters was calculated by Wright (Wright et al., 1989). Which were suitable
for estimating precipitable water under cloudless.

Figure 4 represent the different empirical models of calculation of water vapor. Values obtained by the
method used to calculate amount of water vapor from 940 nm wavelength of sun photometer are
between the four empirical models of calculation whit data from weather station.

’—Q—Sun photometer - Hann —a—Lenker -e— Gueymard —x Igbal ‘

3.5

3 e

//ﬁ\

2 15 /// \\\
0.5 r \.___.

0 ‘
R I T S A SR
Figure 4. Different methods for calculating atmospheric water during March to December 2011

Table 2 represents the monthly average for water vapor calculated with several equations: Hann,
Lenker, Gueymard and Igbal.

Table 2: The average water vapor from Timisoara during March — December using several methods

Hann Lenker | Gueymard | Igbal
Mar | 0.942 1.289 0.455 1.064
Apr | 1227 1.645 0.739 1.403
May | 1.723 2.285 1.090 1.982
Jun 2.064 2.706 1.324 2.439
Jul 2.340 3.057 1.496 2.614
Aug | 2.285 2.982 1.458 2.614
Sep 1.919 2.517 1.231 2.124
Oct 1.164 1.570 0.667 1.310
Nov | 0.779 1.079 0.290 0.885
Dec | 0.863 1.194 0.329 1.206

17



Il International Conference ,,ECOLOGY OF URBAN AREAS 2012%, 15th October 2012, Zrenjanin, Serbia

CONCLUSIONS

This paper analyzes data from sun photometer for 940 nm wavelength and weather station during
March to December 2011. Recorded data from sun photometer and weather station were used to
investigate water vapor in the atmosphere. Water vapor amount calculated for Timisoara (45° N) was
1.405 cm, which is comparable with U.S. Standard Atmosphere (45° N) value of 1.419 cm (ISO 9845-
1).
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ABSTRACT

In this paper is examined the kinetik of ozone and sulphur dioxide trasport in urban air during achieving of the
stationary state in the minimum of the Gibbs free energy : in the period of the build up of the ground level ozone
and decay of sulphur dioxide kinetic with equal rate constant , as well as after achieved stationary state during
the opposite reatcion direction, with the ozone decay and sulphur dioxide build up Based on the results of the
urban air monitoring it was found: - in summer, nitrogen oxide immision lower than 40 ugm™ does not increase
Gibbs free energy at equal rate constants of direct and opposite direction of the relaxation un-polarisable
process; -in November increasing nitrogen oxides immision up to MAC for rural area 70 ugm™ favor increasing
the free Gibbs energy of the polarizable relaxation process.

Keywords: Urban air, Transport kinetic, Seasonal influence, Reversible processes, Catalytic influence of NO,.

INTRODUCTION

Urban human activities have increased the concentration of ground-level ozone [Hough A.M.,
Derwent R.G., 1990]. Particulate matter and acid aerosols are fine solid or liquid particles produced
by the combustion of fossil fuel, including emissions from diesel engines, coal-burning power plants,
cement plants, mining operations, residential wood combustion, and dust emissions from fields and
roads. The coal-fired electric stations are major emitters of pollutants such as sulfur dioxide, nitrogen
oxides, particulate matter, mercury and carbon dioxide. Acid aerosols e.g. sulfates are often referred to
as particulate sulfates from the combustion of fuels, mainly from transportation vehicles such as
heavy-duty diesel vehicles, but also from coal-burning power plants and natural gas processing. The
increased amounts of nitrogen oxides - the chemicals that cause smog - and more sulfur dioxide, is a
key precursor of acid rain and acid aerosols. Sulfate and other fine particles scatter and absorb light,
thus reducing visibility. Models and measurements besides corrosion of materials show that visibility
in southern Ontario and Quebec is lowest where sulfate deposition is highest [Stieb D.M, Pengelly L
D. et al 1995]. The area of generally reduced visibility coincides with the area receiving most acid
deposition. The sulfur levels in gasoline and diesel in Ontario are the highest in the country and among
the highest in the developed world at 579 parts per million (ppm) in gasoline and diesel fuels of 2620
ppm off-road [Health Canada, 1997]. By comparison, California, a state that has acted aggressively to
reduce air pollution, limits sulfur in gasoline to 30 ppm. High-sulfur gasoline leads to to the
production of more sulfates, extremely small acidic particles that can become imbedded deep in lung
tissue [Mittelstaedt M.1998]. Environment Canada issues smog advisories advise the public on the
possible health risks associated with smog exposure, when ozone levels are expected to exceed a
specified level 82 pgm™. According to the previously obtained results the values of the ozone content
velocity changes, depending on the content of other pollutants indicated on the middle SO,
influence on the the ground-level ozone build up or decay velocity (Pavlovié¢, M., Jonel J. Popescu F.
Sevaljevi¢ M., Duri¢, A., 2012). The increased amounts of pollutant examined in this paper are
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limited up to average value measured during 24 h, with the law regulative (SI Glasnik RS ): ground-
level ozone 65-85 pugm™, Sulphur- dioxide 100 -150 pgm3 and nitrogen oxides (70-85) pgm™.

The objective in this work is the study of the seasonal influence on the ozone build up and on the SO,
decay kinetic, depending and NO , content, where y = In (c/c, ) and tgo = k, day™, based on the
monitoring data (Milan Pavlovi¢, Joana Jonel, Francisc Popescu, Alexandar Purié¢, 2010-2011).

C.o

C
In—— =—kz +In(
0 0

)o:

EXPERIMENTAL RESULTS

The seasonal influence is examined on the build —up and decay kinetic of the pollutants, based on the

results of the urban air monitoring in the six days, in the summer 2011., (Timisoara I, Pancevo), as

well as in November 2011, (Timisoara Il , Turn Severin, and Resita) obtained with the mobile

laboratory:

e O3 measured with Environment O341M instrument based on the UV photometry, with the
reference method: EN 14625:2005. The combined measurement uncertainty is U = 6.98 %

e SO, measured with Environment AF21M instrument based on the UV fluorescence, with the
reference method: EN 14212:2005. The combined measurement uncertainty is U = 1.76 %

e NO, measured with Environment AC31M instrument based on the chemi-luminescence, with the
reference method: EN 14211:2005. The combined measurement uncertainty is U = 2.06 %

Table 1: The O3 SO,and NO, monitoring results and average NO , content variation coefficient, p,
% and calculated pollutants transport rate constants based on the functional dependences in the

figure 2 and figure 3

Timisoara | Pancevo Timisoara Il Turn Severin Resita MAC

June, July August November November November pgm*
O;, pgm™ 16,1-22,36 27-53 12-16,4 14-33 34,5-48 65-85
SO,, pgm? 4,6-5,4 6,3-8,5 19,3-23,7 9-15,6 5,2-13,3 100-150
NO,, pgm™ 35,45-40,69 15, 87-28,8 42,2-58,2 33,2-73 46,6 -71,9 70-120
Average v. 38;p=6,2% | 20; p=21% | 49,3; p=14% | 55,5; p=31% | 59; p=22%
Koz, day™ 0,058 0,08 -0,075 -0,18 -0,076
ksoz, day™ -0,041 -0,076 0,05 0,19 -0,085
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Figure 1. The determination of the ozone and sulfur dioxide transport kinetic in summer ( Timisoara |
and Pancevo) and November (Timosoara 2, Turn-Severin and Resita)
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Figure 2. The determination of the seasonal O; and SO, decay kinetic on the urban location in Resita

The equal O and SO, transport rate constants (determine the slope in the obtained linear functional
dependences which indicate on the stationary processes with the equal rate constants of the Os build
up and SO, decay in summer ( Timisoara I , Pan¢evo) and opposite in November (Timisoara II, Turn
Severin) (Figure 2) and twice faster decay transport rate constants of the both pollutants in the urban
area in Resita (Figure 3).

k(Os) k(so,) 0.5
day-1 0.5 "‘ day™® —‘
NO,, pgm= ‘_,y{ NO,, pgm-
= _ x2 4 0 m‘z 1 1
0?{01906))??8,41692 ﬂJ 5 100 Yy =0,0004x?- 0:0195’<0 j} 50 100
R? = 0,9998 -0.5 +0,1763
R? =0,9815 -0,5
Figure 3. The transport rate constants of the O ; and SO ,, depending on the seasonal average NO ,
content
The seasonal NO , average content in Timisoara I, in summer from (28,8 — 40, 69 ) pgm™ and in
Timisoara Il, in November ((42 — 58 ) the equal rate constants of the direct and of the opposite

directions of the O; and of the SO, indicate un-polarisable reaction keep the stationary state in the
minimum of the Gibbs free energy.

The increased NO , content in and Turn Severin ( 33-73) pgm™ in November favor the twice faster
rate constant of the opposite direction compared to summer period: k(O;) = - k(SO,) = - 0,18 day *

In Resita with the increased NO x (47-72) pgm®in November favor decay of the both reactants with
equal decay rate constants, k(Os) = k(SO,) = - 0,08 day ™.
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CONCLUSION

Based on the monitoring results it can be concluded:
1.T he ground-ozone and sulphur-dioxide levels were lower than MAC and NO  achieves MAC in
November
2. In summer, in the content range of NO ,, 30 - 40 ugm"? does not influence on the transport
rate constant k(Os) = (10,06-0,08) day™ and opposite in summer, the SO, decay with transport
rate constant k(SO,) =-0,04 to -0,076 day™ of the reversible processes
3. In November at the less the content range of NO ,, 40 - 60 |.Lgm'3 in Timisoara Il, favor the
opposite direction compared to summer, ground-ozone level decay and the SO, build- up
with rate constant k(Os) =-0,075 day™ k(SO,) = 0,05 day™
4. The increasing of NOy content up to 70 pgm™ in November increased the pollutants transport
process rate constants:
- in TLirn-Severin of the ozone decay k(O;) =- 0,18 day'and SO, build-up , k(SO,) = 0,19
day’
- in Resita the parallel decay of the both transport rate constant is found: k = k(O3)+k(SO,) =
-0,161 day™
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ABSTRACT

Elektrokinetic potentials of the suspended matter fraction with diameter less than 70 wm is studied as
indicator of the electrochemical gasification , immision levels of ground—ozone level, sulphur dioxide and
nitro-oxides due reactions between specifically and (or) un-specifically adsorbed ions in active transition
intermediate complexes, in the diffusion layer of contact surface with the solid phase. Concentration
polarizations of active complexes between polutants are identified which define the elektro-kinetic potentials in
resonance with energy quant with charcteristic vibration of the active transition complexes of adsorbed
polutants causing un-stability and degradation.The transport rate constant of reactants and products in air of
urban area determine the rate constant of processes which control the achieving of the stationary state of
producing and degradation energy of the polutants active transition complex: - in summer period, at the lower
electric polarizations of PM 10 than thermal values where polutants PM10 concentrations are twice lower than
maximal alloved contents ( MAC) limited by law regulative for total suspended matter (TSM); - in november, at
concentrations of polutants PM10 achieved the MAC of the TSM forurban areas, the electro-kinetic potentials
of PM 10 was corresponding to the thermal energy of gas particles.

Keywords: Fraction of the suspended matter PM10, Spontaneous polarization, Electrochemical gasification,
Electro-kinetic potential, Stationary states.

INTRODUCTION

The law regulative (SI Glasnik RS ) define maximal allowed contents, MAC of air pollutant average
values measured during 24 h, which are studied in this paper: the total suspended particles of 70
pgm™ in rural up to 120 pgm™ in the urban areas, sulfur dioxide 100 -150 pgm™, ground-level ozone
65-85 pgm™ and nitrogen oxides (70-85) ugm™. Based on the urban air monitoring and previously
kinetic study (Pavlovi¢, M., Jonel J. Popescu F. Sevaljevi¢ M., Buri¢, A., 2012) in this paper is
calculated the electro-kinetic potential of the PM 10 in the double layer:

1. Inthe June, July and August, 2011. on location in Timisoara I and in town Panc¢evo

2. Inthe November 2011., on the location Timisoara I, Turn Severin, and Resita

The transport of the pollutants after stationary state is achieved determines the stationary electro
kinetic potential, n of the slowest successive polarization steps: chemical reaction, diffusion, or the
possible successive adsorption or desorption or secondary chemical reaction:

1 Fnp

At RT

The polarization, AE of the slowest step determine pollutants adsorbed specifically and un-specifically
in the active transition intermediate complexes depending on its Gibbs free energy, determining the
pollutants transport rate constant in air, equal to its electrochemical gasification rate constant. After
achieving thermodynamic equilibrium the characteristic vibration energy which can cause un-stability
and spontaneous degradation of the activated intermediate determine electrochemical gasification
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kinetic (R. W. Coughlin, M. Farooque, 1980) determining in the stationary state the transport kinetic,
AE =n.

AE = —kATE
F

The successive ozone build-up processes are limited with an electron transfer step, which polarize the
reaction surface with the adsorbed water, as well as with the second reaction of ozonide and radical:
O3;+e=04
03_+ H20=02+ OH + OH
03_+ OH =OH_+O3

The standard potentials enabling electrochemical gasification after the period of the electro kinetic
polarization, n = - 0,016 to -0,022V, determining the adsorbed pollutants dissolution rate constants are
given in the data tables (Bard, 1983):

E°NO; + e + H,0 = NO,2+ O, + 20H) =-0,86 V
E°(Ny+ 4OH =2NO+2H,0+4e ) =085V

E*(NO; + N,+20H =NO,+2NO + H,0+3e)=-0,01V

E’ (O3+H,0+2e = 0, +20H") = 1,246V
E’(40H = O, + 2H,0+2e ) =-0,38 V

E’ (03+20H =20, + H,0)=0,866 V

E° (04+20H" = 20, + H,0) = 0,866 VV
E°( NOs + e + H,0 = NOy+ O, + 20H ) =- 0,86 VV

E° (O3 + NO; = NOy+ 20,+e )= 0,006 V

E° (NO3- +2e- + H20 ©>NO2- + 20H- ) = 0,01 V
E° (S52- + 8¢ +5H+ «» SHS-) = 0,007 V

Based on the monitoring data (Milan Pavlovi¢, loana lonel, Francisc Popescu, Alexandar Purié,
2010-2011), the objective in this paper is the determination of the electro kinetic potentials of the
suspended matter fraction, with diameter less than 10um as indicator of the electrochemical
gasification of air with ground — ozone level, sulphur-dioxide level and nitro-oxides, in reactions
between specifically and (or) un-specifically adsorbed ions in active transition intermediate
complexes, These reactions in the diffusion layer of contact surface with the solid phase, with the
depth of diffusion layer about 10um enable polarization between cathode hydrating and anode
oxidation (Mirjana M. Sevaljevi¢, 2000).

EXPERIMENTAL RESULTS

The seasonal influence is examined on the build—up and decay pollutants electrochemical polarization
based on the results of the urban air monitoring in the six days, in the summer 2011., (Timisoara I,
Pancevo), as well as in November 2011, (Timisoara Il , Turn Severin, and Resita) obtained with the
mobile laboratory:
o PM10 (suspended particles, fraction PM10), based on the principle is laser light scattering .
e SO, measurement with Environment AF21M instrument based on the UV fluorescence, with the
reference method: EN 14212:2005. The combined measurement uncertainty is U = 1.76 %
e O3 measurement with Environment O341M instrument based on the UV photometry, with the
reference method: EN 14625:2005. The combined measurement uncertainty is U = 6.98 %
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e NO, measurement with Environment AC31M instrument based on the chemi-luminescence,
with the reference method: EN 14211:2005. The combined measurement uncertainty is U = 2.06
%
The results ( table 1) present the suspended particles PM 10 , the electro-kinetic potentials
determined on the base transport rate constants, k (PM 10) (Figure 1) calculated in the previously
paper (Pavlovi¢ M., lonel ., Popescu F., Sevaljevi¢ M., Duri¢, A., 2012), also for Oz and SO,.

Timisoaral...

0 . day
y =0,0638x-0,3488 ji] v/'t‘ 10

R2=0,9852 0,5

In(c/colomo 0 —‘

Inc/co)omro 0 ' '
T, day
4" 6

Pancevo...

y =0,0382x- 0,2557
R2=0,9443 0,2

Figure l1a. The suspended particles PM10 transport rate constant in the summer months in urban
areas with the least NO, content range (15, 9-40 ) ugm™® and PM 10 content (37-50) ugm™

Timoisoara 2...

’ / '
y =0,0893x- 0,3707 ji’ 4 1 day ©

R2=0,9983 0,5
In(c/cO)PM10 0,5 w

In(c/colpmio 0,5 —‘

Turn Severin...

’ /L day
y = 0,0866x- 0,3564 f 4 6

R?=0,9957 -0,5

Figure 1b. The suspended particles PM10 transport kinetic, in November in urban areas with the
middle PM 10 content (38-69) pgm™

y=0,165x-1,035 O T . . . . .

R% =0,9989 1 ;/’;IIIM tday g
In(c/c0)pmo

Resita 1

Figure 1c. The suspended particles PM10 transport kinetic in November in Resita with the PM 10
content (48,4-98,77) ugm’* (greater than MAC for the total suspended matter in urban area, TSM, 85

pgm’®)
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Table 1: The Oz and SOs, NO, and PM10 electro kinetic potentials , monitoring results and its
average values and relative variation, p, %

Timisoara | Pancevo Timisoara Il Turn Severin Resita MAC

June, July August November November November pgm
AE(PM10), -0,0095 -0,0057 -0,0134 -0,013 -0,0247 100-150
AE (03),V -0,0087 -0,012 0,011 0,027 0,0114
AE (SOy,V 0,0061 0,0114 -0,0075 -0,0296 0,0127 70-120
PM10, pgm™ 39-50, 37,3-46 39-69 38-51 48,4 - 98,77 TSM, 70 - 85
Average v. 445 p=12% | 41,6 p=11 54 p=27% 44,5p=13% | 73,6 p=34 %

%

NO,, pgm™ 35,45-40,69 15, 87-28,8 42,2-58,2 33,2-73 46,6 -71,9 70-120
Average v. 38;p=62% | 20;p=21% | 49,3; p=14% | 555; p=31% | 59; p=22%
0, pgm® 16,1-22,36 27-53 14-33 12-16,4 34,5-48 65-85
SO ,, ugm® 4,6-5,4 6,3-8,5 19,3-23,7 9-15,6 5,2-13;3 100-150

The negative electro-kinetic potential of the PM 10 were found of the spontaneous polarized particles
in reversible processes between adsorbed components: the lowest in Pancevo, AE(PM 10) = - 0,057
V in august and increased in summer in Timisoara 1 AE(PM 10) = (-0,009 V) and in November
(Timisoara 2 and Turn Severin) AE(PM 10) = -0,0134 V and -0,013 V and maximal thermal value in
Resita AE(PM 10) = - 0,0247 V.

AE(O3),V 0,05 PM10, pm 100
<RT/F N‘ average value .\_’/‘:
0 T T < )
0 4{ o Y= 0,0405x2- 2,5792x + NOx, pm-3.
y =0,0019x- 0,0924 78,289 0 + T |
2 PM10, aver,..
R*=0,9915 -0,05 R?=0,8011 0 50 100

Figure 2. The functionally dependence od the ground-ozone level polarization on the PM10 average
content; The functionally dependence of PM 10 average content on the NO , average content

The slowest concentration polarization of the PM 10 average content favor the slow ozone build up in
reversible process AE(O3) < RT/F in the summer months (Timisoara I, Pan¢evo) and opposite
direction in November (Timisoara Il, Turn Severin). According to the functionally dependences PM
10 on NO , average content the depolarization processes in presence of up to NO , 40 pgm™ prevent
PM 10 average content increasing (Figure 2).

In November, in Resita, PM10 contents achieving the MAC of the TSM for urban areas, favor the
parallel, forced decay of the Oz and SO,.

CONCLUSION

Based on the obtained results it can be concluded:

1. The seasonal influence is found on the electro chemical gasification processes electric
polarizations

2. In summer (Timisoara I, Pancevo), the PM 10 sponatneous polarizations (AE < 0),
proportional to build up transport kinretik are lower than thermal energies of gas particles in
air of examined urban area, m (PM 10) < RT/F , where gas ground-o0zone build up during
spontaneous polarization are equal or twice greater compared to PM 10 build up and
spontaneous polarization kinetic.

3. In November (Timisoara Il, Turn Severin), the PM 10 spontaneous polarization and build-up,
lower than thermal values of electro-kinetic potential of gas molecules of urban area, n(PM
10) < RT/F are found where the gas sulfur-dioxide buld-up during spontaneous polarization is
about twice less compared to PM10 (Timisoara Il), or twice greater, balanced with thermal
energy of the forced depolarizaatin ozone decay (Turn Severin).
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4. In November, in Resita, where PM 10 content achieve MAC defined for the TSM for urban
areas, spontaneous thermal polarization and build up of PM 10 is achieved, n (PM 10) =
RT/F in equilibrium with the sum of the depolarization potentials of the ozone and of sulphur
dioxide decay.
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ABSTRACT

Increased concentration of the emissions of greenhouse gases to the atmosphere, mainly CO,, is considered the
main cause of climate change. One option to reduce these emissions is to capture CO, from fossil fuel-fired
power plants, especially from those based on coal combustion. There are three main pathways for CO, capture,
namely post-combustion capture, pre-combustion capture and oxy-fuel combustion. This paper is focused on
post-combustion capture technologies that can be applied to existing coal-fired power plants. Amine-,
carbonate- and ammonia-based CO, capture processes have been analyzed and compared. Also, a process
design using membranes has been described.

Key words: CO, capture, post-combustion, coal, power plant.

INTRODUCTION

Coal-fired power plants are the largest source of anthropogenic carbon dioxide emissions (CO,),
emitting over 8 GtCO,/y to the atmosphere (IEA, 2010a). According to the International Energy
Agency (IEA, 2010b), the electricity production from coal will increase by 35%, by 2035, which will
inevitably lead to more CO..

The emissions of CO, from coal-fired power plants can be reduced by increasing the efficiency of
these plants and/or by capturing CO, and storing it in geological formations. CO, capture and storage
is considered the only technology that can capture at least 90% of the CO, emitted by existing fossil
fuel power plants (ZEP, 2011). However, applying current CO, capture technologies may substantially
reduce the net efficiency of a plant (up to 14% points) (Notz et al., 2011).

The CO, can be captured either from flue gas or from process streams before combustion (Global CCS
Institute, 2011; Notz et al., 2011; ZEP, 2011). The removal of CO, from the flue gas is best known as
post-combustion capture. The CO, concentration in power station flue gas, for coal-fired boilers is
about 15% by volume, while for natural gas combined cycle power plants is 4% and for natural gas-
fired boilers is around 8%. The concentration of CO, in the flue gas can be increased by using pure
oxygen instead of air for combustion, resulting in a flue gas that has a CO, concentration higher than
80%. This is known as oxy-combustion. Also, carbon dioxide can be removed from the power cycle
before combustion applying a pre-combustion CO, capture concept. The concentration of CO, in the
CO,/H, mixture would be 40-60% (by volume) for coal gasification, and around 20% for natural gas
partial oxidation.

The major advantage of a post-combustion CO, capture system over oxy- and pre-combustion is that it
can be applied to existing power plants with little modifications to the power station itself, or easily
integrated into new ones.
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In this paper post-combustion CO, capture technologies, namely, based on amine, carbonate and
ammonia that can be applied to existing coal-fired power plants are analyzed and compared.
Additionally, a membrane-based CO, capture process is discussed.

POST-COMBUSTION CONCEPT

Capture of CO, from flue gases produced by combustion of fossil fuels (e.g., coal) in air is referred to
as post-combustion capture. A block diagram of a coal-fired plant with post-combustion CO, capture
is illustrated in Figure 1.

Flue Gas
(N2, O2, Hz0)

Coal Air Flue Gas Cleanup CO2 Capture

N

Boiler ;—> deNOx ‘;—) deDust iﬁ deSOx i_> COs seporaﬂonl

S J
lCOz-gos
f
Steam Steam and/or Electricity > Compression_J
: !
Steam v - Compressed CO: to
. .'% .'% 1
Turbine J & J Electricity Transport and Storage

Power Generation

Figure 1. Power plant with post-combustion CO, capture

As it can be seen, the CO, capture unit is integrated in the power plant as a flue gas post-treatment unit
after the removal of pollutants (e.g., nitrogen and sulfur oxides, particulates) in order to prevent
plugging and fouling, and to minimize degradation of the CO, capture solvent.

Before discharging to the atmosphere, the flue gas, with low pollutant emissions content, flows
through a cooling unit and then enters the bottom of the absorber where it comes into contact, counter-
currently, with a chemical solvent (e.g., agueous monoethanolamine (MEA)), which absorbs much of
the CO,. Then, the CO,-rich solvent is sent to the top of the regeneration column (desorber or
stripper), via a lean/rich heat exchanger. In the desorber, the CO, is released due to the heat provided
by low pressure steam in the reboiler. The captured CO, is then compressed and further collected in a
storage reservoir. Remaining compounds of flue gases, such as nitrogen, oxygen and water vapors are
discharged directly to the atmosphere.

One of the disadvantages of this method is that the CO, partial pressure is very low due to the low CO,
concentration in the flue gas (typically up to 15% by volume for coal-fired boilers) and hence large
and expensive equipment is needed to extract the CO, (Davison, 2007). There have been proposed a
variety of techniques for removing CO, from the flue gas (e.g., by chemical absorption or physical
absorption, or membrane separation). Currently, absorption processes based on chemical solvents are
the most preferred option for post-combustion systems, offering high capture efficiency and
selectivity.

At present, there are a number of absorption solvents commercially available for CO, capture. Most of
them are used for treating gas streams with low- to moderate-CO, partial pressure (Kohl and Nielsen,
1997). The typical chemical solvents are amines (e.g., monoethanolamine, diethanolamine (DEA)),
which are commonly used in the form of aqueous solutions. Aqueous MEA solution is often regarded
as the first chemical solvent to be used for CO, capture from coal-derived flue gases. Today, there are
two MEA-based absorption processes commercialized, namely the Fluor’s Econamine process and
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Kerr McGee/ABB Lumus Crest’s CO, capture process (Sander and Mariz, 1992; Chapel et al., 2001;
Reddy et al., 2003; Reddy, 2008; Barchas and Davis, 1992).

The use of blended amines for CO, capture offers some advantages over the single amines, namely
lower energy consumption and higher absorption capacity (Aroonwilas and Veawab, 2007). Most
formulations of the blended amines are tertiary amine-based (e.g., methyldiethanolamine (MDEA)).
The main disadvantage of MDEA is slow rates of CO, absorption. An addition of MEA or DEA into
the MDEA solution helps enhance rate of capturing CO,.

There are also a large number of solvents currently proposed and being investigated. The Kansai
Electric Company and Mitsubishi Heavy Industry developed a family of KS energy efficient
proprietary solvents (sterically hindered amines) (Mimura et al., 1999; Mimura et al., 2003; Suda et
al., 1992; Yagi et al., 2004). Also, novel amine solvents developed by Toshiba, called TS-1 and TS-2,
are being investigated at pilot scale (Ohashi et al., 2011). The performance of carbonates (potassium or
sodium carbonate) has also been investigated (Oexmann et al., 2008; Knuutila et al., 2009). Aqueous
ammonia has been proposed as an alternative to amine-based processes (Yeh and Bai, 1999; Resnik et
al., 2004).

Recently, a post-combustion CO, capture process employing membranes with high CO, permeance
has been investigated (Merkel et al., 2010).

POST-COMBUSTION TECHNOLOGIES
Amine-based processes

The most commonly used absorbent for CO, capture from low pressure flue gas is monoethanolamine.
This amine was developed over 70 years ago as a general non-selective solvent to remove acid gases
(e.g., CO,, hydrogen sulfide) from natural gas streams (Kohl and Nielsen, 1997).

A conventional amine-based flue gas CO, capture process consists of two major sections, an
absorption section where CO; in the flue gas is absorbed into a liquid solvent and a regeneration
section where the absorbed CO, is stripped out by means of heat.

Prior to CO, removal, flue gases (usually at near atmospheric pressure and temperatures above 100°C)
from power plant are cooled down to the temperature levels required for absorption, and treated for
contaminants. After cooling, the flue gas is passed through an absorption vessel where it comes into
contact with the chemical solvent, which absorbs much of the CO, by chemically reacting with it to
form a loosely bound compound. Then, the CO,-rich solvent from the bottom of the absorber is
pumped to another column (desorber), via a heat exchanger. In the desorber, the CO,-rich solution is
heated (to about 100-140°C) to release almost pure CO,. Water vapors are condensed in the condenser
and fed back to the desorber, whereas the net CO, gas leaves the unit. The lean solvent, containing far
less CO; is cooled down to 40-65°C, and recycled to the absorber.

Although amine processes can remove CO, at low concentrations, large amounts of energy are
required for solvent regeneration (IEA GHG, 2007; Abu-Zahra, 2009). Approximately 50% of low
pressure steam needs to be extracted for amine regeneration and CO, release (IEA GHG, 2007).
Moreover, contaminants typically found in flue gases from coal-fired power plants (e.g., NOy, SO,,
particulates) usually need to be removed prior to capture, as they can inhibit the ability of solvents to
absorb CO, (Cebrucean and lonel, 2012). In order to avoid amine degradation, the following
requirements to the flue gas composition are imposed by the amine-based capture system: SO,~10-30
mg/Nm?, NO,~40 mg/Nm? and particulates less than 5 mg/Nm?® (at 6 vol% O,) (IEA GHG, 2007).

At present, there are three amine-based processes commercially available for CO, capture in post-
combustion systems: (i) the Kerr-McGee/ABB Lummus Crest process, which uses for CO, separation
an aqueous 15-20 wt% MEA solution (Barchas and Davis, 1992); (ii) the Fluor Daniel Econamine
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process (30 wt% MEA) (Sander and Mariz, 1992; Chapel et al., 2001; Reddy et al., 2003; Reddy,
2008); and (iii) the KEPCO/MHI process, which uses sterically-hindered amines (KS-1, KS-2 and KS-
3) (Mimura et al., 1999; Mimura et al., 2003; Suda et al., 1992; Yagi et al., 2004).

The first two processes require large quantities of energy for solvent regeneration: 5-6.5 GJ/tCO, in
the Kerr-McGee/ABB Lummus Crest CO, capture process (Barchas and Davis, 1992) and about 4.2
GJICO, in the Fluor Econamine FG process (Chapel et al., 2001). The improved Fluor’s process
(Econamine FG Plus), which uses a 35 wt% MEA solution with inhibitors, needs much less thermal
energy for solvent regeneration of about 3.24 GJ/tCO, (Reddy et al., 2003; Reddy, 2008). The KS-1
process requires approximately the same amount of energy (3.2 GJtCO,) (Mimura et al., 1999). This
process has been improved by the KEPCO/MHI researchers achieving a value of 2.6 GJ/tCO, (Yagi et
al., 2004).

A study conducted by the researchers from the National Energy Technology Laboratory has shown
that the net power output of a subcritical pulverized coal-fired power plant with an amine-based post-
combustion CO, capture technology would decrease by approximately 30% (NETL, 2007). The net
thermal efficiency would be also reduced from about 35% to 24.5% (efficiency penalty of 10.5%
points). These values were reported for the case study with 90% CO, capture using a 30 wi% MEA
solution and the solvent regeneration energy of 3.6 GJ/tCO,. The study also suggested that a decrease
in energy requirement will lead to a lower energy penalty, for instance, if the energy used for solvent
regeneration is reduced from 3.6 to about 2.8 GJ/tCO,, the energy penalty would be only 9.3
percentage points.

The energy requirement can be significantly reduced by optimizing the MEA-based process (Abu-
Zahra, 2009). It was found that at a lean MEA loading of 0.32 and 0.3, using a MEA solution of 30
and 40 wt%, respectively, and a stripper operating pressure of 210 kPa, the thermal energy
requirement is 3.29 and 3.0 GJ/tCO,, respectively.

Although the energy consumption can be reduced by increasing the concentration of MEA, it will lead
to higher corrosion. In addition, increased operating pressure/temperature of the stripper will cause
higher solvent degradation rates.

The use of blended amines instead of MEA offers some advantages, namely lower energy
consumption and higher absorption capacity (Aroonwilas and Veawab, 2007). For instance, by
applying a MEA/MDEA-based CO, capture process to a supercritical coal-fired power plant, with a
capacity of 500 MW, the energy penalty is about 2.6 percentage points drop, using 1.2 GJ/tCO, for
solvent regeneration, and 4.8 points drop for the case with higher energy consumption of 2.4 GJ/tCO..
Unfortunately, compared to MEA, the blended MEA/MDEA solution has lower CO, absorption rates.
As a result, the MEA/MDEA-based CO, capture unit would need a higher absorber column to remove
the same amount of CO, as MEA.

Carbonate-based processes

Agqueous solutions of potassium (K,CO3) and sodium carbonate (Na,CQOj3) have been widely used in
several industrial processes for the removal of carbon dioxide from gas streams (Kohl and Nielsen,
1997).

The use of an aqueous K,COj solution for CO, capture from coal-derived flue gas, however, might be
inefficient (Oexmann et al., 2008). The performance of a K,COz-based CO, capture process can be
improved if the solvent is promoted with, for example, piperazine (PZ) (Cullinane and Rochelle,
2004). Piperazine is characterized by a high rate of CO, absorption, is thermally stable and degrades,
in the presence of oxygen, much slower than MEA (Freeman et al., 2010). Compared to MEA, a 36.2
wit% K,CO; solution promoted by 11.3 wt% PZ has a CO, absorption rate up to 30% faster than a 30
wit% MEA solution (Cullinane et al., 2004).
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The use of K,CO4/PZ, with a concentration of 22.1/13.8 wt%, in post-combustion CO, capture may
significantly reduce the required energy for solvent regeneration in comparison with MEA (Oexmann
et al., 2008). The study has shown that the specific reboiler duty for this solvent decreases from 2.4
GJNCO, for 90% CO, recovery to around 2.1 GJ/tCO, at a CO, capture rate of 70% and 50%.
However, the study has also revealed that increasing the concentration of K,COj in the blend leads to
higher energy requirements.

The energy requirement of a post-combustion CO, capture system based on sodium carbonate is about
3.2 GJtCO, (Knuutila et al., 2009). This value has been reported for the case study that achieves 90%
CO, capture with a 30 wt% Na,COs solution. As it was mentioned earlier, the energy consumption of
a K,CO3/PZ-based CO, capture process is much lower, which seems to be a more advantageous
option. Compared to MEA, the amount of thermal energy needed for solvent regeneration is almost
the same (Abu-Zahra, 2009).

As in the case of K,COs, the Na,CO; solutions have low rates of CO, absorption, too. In order to
increase the absorption rate a number of additives can be used (e.g., primary and secondary amines)
(Knuutila et al., 2009).

Applying one of the carbonate-based processes to a coal-fired power plant, the net efficiency would
decrease by 9 and 9.5 percentage points, using a solution of Na,CO; and K,COs/PZ, respectively
(Knuutila et al., 2009; Oexmann et al., 2008).

The researchers from the University of Illinois are investigating a hot carbonate-based absorption
process for post-combustion CO, capture (NETL, 2011). The process would use one of the carbonate
salts (potassium or sodium) for CO, removal from flue gas. It is expected that this process will use less
energy than a conventional amine-based process. The capture occurs in a high temperature absorption
column where the CO, and other acid gases are absorbed by the solvent. Afterwards, the CO,-rich
solvent flows through a crystallization unit, which separates bicarbonates, and the resulting slurry is
then sent to a high pressure stripping column where the CO, is removed and the solvent is recycled.

Agueous ammonia processes

Agueous ammonia (NH;) has been proposed as an alternative to traditional amine-based processes for
post-combustion CO, capture (Yeh and Bai, 1999).

In comparison with MEA, higher CO, loadings can be achieved with aqueous ammonia (Yeh and Bai,
1999). This is mainly due to the NH3/CO, system favoring bicarbonate over carbamate, particularly as
CO, loading increases. A CO, removal efficiency of 99% can be achieved by means of NH; solution
and the CO, loading capacity can approach 1.2 kgCO,/kgNH3; (compared to ~0.4 kgCO,/kgMEA). It
was also reported that the CO, loading capacity of NH; solution, with a concentration of 28 wt%,
decreased by 11% between reaction temperatures 10 and 40°C. Another study confirmed that as the
temperature approached the ammonium carbonate/bicarbonate decomposition temperature (~60°C),
the CO, absorption rate decreased (Resnik et al., 2004).

The NH; process has also been shown to require less thermal energy for solvent regeneration than a
MEA-based process (Yeh et al., 2005). This is due to the smaller reaction enthalpy for CO, absorption
and higher CO, partial pressure at elevated temperature compared to MEA. It was estimated that the
energy requirement for an ammonia-based process would be around 1.2 GJACO, (Bandyopadhyay,
2011), which is much lower than the energy used in the CO, capture processes analyzed earlier in this
paper. It was also found that the net power output of a coal-fired power plant would be reduced by
16% after integration with the NH3-based CO, capture technology.

Using ammonia for CO, capture from flue gas offers several other advantages, namely, (i) it is
resistant to oxidative degradation and (ii) in the presence of SO, and NO, forms ammonium sulfate
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and ammonium nitrate (Yeh and Bai, 1999; Bandyopadhyay, 2011). These ammonium salts can be
then used as fertilizers.

In 2006, another ammonia-based process (called a chilled ammonia process), which operates at low
temperatures (<10°C) was proposed (Gal, 2006). This novel CO, capture technology is currently
implemented by Alstom (Alstom Power, 2011). The process is very similar to amine-based capture
technology. It includes three main parts: flue gas cooling, CO, absorption and high pressure
regeneration.

First, the flue gas is cooled using chilled water and a series of direct contact coolers. After the cooling
subsystem, the cold flue gas enters the absorber where most of the CO, is chemically absorbed in the
lean solvent from the stripper. The absorber removes CO, from the flue gas mainly by the precipitation
of ammonium bicarbonate. The CO,-rich solvent flows to a heat exchanger where its temperature
increases, and then flows to the desorber. According to the patent (Gal, 2006), the desorber
temperature should be in the range 50-200°C, while the pressure 2-136 atmospheres. Under these
conditions, the vaporization of ammonia and water implied by the high temperature is reduced. The
conditions cause CO, to evaporate from the solution. It leaves the top of the desorber as a relatively
clean and high-pressure stream.

An assessment study carried out by Versteeg and Rubin (2011) has shown that by applying the chilled
ammonia process to a coal-fired power plant would result in the energy penalty of 28.6%, which is
almost the same penalty as in the case of amine-based systems. Also, their results have indicated that
the concentration of NHjs in the lean solution and the ratio NH3/CO, significantly affect the capture
process, ammonia slip, and solids precipitation in the absorber.

Membrane separation

The use of membranes in post-combustion CO, capture applications was recently investigated by the
researchers from Membrane Technology and Research, Inc. (Merkel et al., 2010). The study focused
mainly on presenting a novel process design (based on membranes with high CO, permeance) that
uses incoming combustion air as a sweep to generate driving force.

There were first analyzed two modes of membrane module operation, namely, cross-flow and counter-
flow. The superiority of counter-flow operation was evident: (i) the CO, concentration on the permeate
side increased up to 41% in comparison with only 29% of the cross-flow module; (ii) the membrane
area needed was reduced by 38%; and (iii) the consumption of energy decreased by 18%. It was also
found that the use of vacuum pump on the permeate side of membrane is more favorable than the
compression of flue gas before entering the membrane unit.

A two-step counter-flow/sweep membrane process to capture 90% of the CO, in flue gas from a coal-
fired power plant was then described. This process design uses incoming combustion air as a sweep in
order to generate driving force for CO, separation.

The flue gas, with a low concentration of impurities, enters a conventional cross-flow membrane
module, in which the CO; is partially removed from the flue gas, due to the driving force generated by
a permeate side vacuum pump. The CO-enriched permeate from this module is then dehydrated. After
that, the dry gas is sent to a condenser that produces a high purity CO, liquid. Uncondensed CO,
together with non-condensable gases from the condenser are sent to another cross-flow membrane
module. The permeate, containing mostly CO,, is recycled to the front of the compressor in order to
enrich the CO, stream, while the residue stream is recycled and blended with the inlet flue gas.

The residue gas from the first cross-flow membrane module is fed into a counter-flow/sweep
membrane unit, in which the largest portion of CO, permeates through the membrane and is recycled
back to the boiler together with the air used for combustion.
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The study showed that this membrane process, applied to a conventional pulverized coal-fired plant,
will use about 16% of the power plant output, when the CO, recovery is fixed at 90%.

In comparison, a two-step vacuum membrane process will use about 24% of electricity generated by
the plant (Merkel et al., 2010). Additionally, this configuration will require higher membrane area
(3%10° m?), for removing 90% CO,, than in a counter-flow/sweep design. In consequence, the cost of
CO, capture will rise up to 39 $ per each tonne of CO, captured, which is approximately 1.7 times
higher than in the previous case.

CONCLUSIONS

In this paper, post-combustion CO, capture technologies that can be applied to existing coal-fired
power plants were analyzed and compared.

CO, capture from flue gas with an aqueous solution of monoethanolamine is the most developed post-
combustion capture technology. The major disadvantage of an MEA-based process is that a large
quantity of energy is required for solvent regeneration. It was estimated that 50% of low pressure
steam needs to be extracted for amine regeneration and CO, release. Additionally, the flue gas from a
coal-fired power plant contains impurities, which need to be removed prior to capture, as they can
inhibit the ability of solvent to absorb CO..

It was noted that the efficiency of a coal-fired power plant after integration with CO, capture, using a
30 wt% MEA solution, will be reduced by 10.5 percentage points and the power output will decrease
by 30%. It was also suggested that a decrease in energy requirement will lead to a lower energy
penalty.

The use of blended amine solutions (e.g., MEA/MDEA), instead of MEA, can offer some advantages
such as great absorption capacity, low energy requirements and low corrosivity. Lower rate of CO,
absorption is the main drawback of MEA/MDEA solutions.

CO, capture from coal-derived flue gas with potassium or sodium carbonate solutions might be
inefficient because of low CO, absorption rates and low selectivity. The CO, capture process can be
improved if the solvent is promoted with an amine. It was found that the net efficiency of a coal-fired
power plant decreases by 9% points after integration with a CO, capture unit based on carbonate
solutions.

The use of aqueous ammonia for CO, capture has a number of advantages over amine solutions such
as higher absorption capacity, lower energy requirement as well as resistance to both oxidative and
thermal degradation. It was estimated that the net power plant output will be reduced by 16% when
using an ammonia-based process.

CO, capture from flue gas using membrane-based processes is currently under development. First
estimates indicate that a two-step counter-flow/sweep membrane process will use about 16% of energy
generated by the plant and the CO, capture cost will amount to about 23 $/tCO.. It is further suggested
that this membrane process can be improved if the permeance of membrane is increased or the
membrane cost is reduced.

Other post-combustion capture technologies are being developed, such as CO, capture processes based
on amino-acid salts, ionic liquids, and metal-organic frameworks.

The first Romanian CO, capture project will use a chilled ammonia process to capture CO, from flue
gas (Alstom Power, 2011). This post-combustion capture technology will be integrated into an
existing coal-fired power plant. The captured CO, will be transported, via an existing network of
onshore natural gas pipelines, to storage sites (saline aquifers) located not far away from the power
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plant. It is estimated that up to 1.5 million tonnes of CO, will be stored annually (Global CCS
Institute, 2011).
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ABSTRACT

In this study gas phase photocatalytic oxidation of naphthalene in presence of nanosized Cr-doped
photocatalysts prepared on TiO, base with chemical vapor deposition (CVD) is examined. Degradation level of
naphthalene is examined with FTIR spectroscopy and identification of obtained products is made via GC-MS
measurements. The Kinetics of the reaction of photoxidation of naphtalene in excess of oxygene was investigated
and the order of the reaction and rate constants were determined by means of matematical modeling. It was
found that Kinetics of naphthalene degradation reaction follows first order reaction kinetics and the rate
limiting reaction step is model of external film and surface particle diffusion. The prepared catalyst has shown
excellent efficiency for naphthalene degradation in oxygen presence, which means complete mineralization of
naphtalene to CO, and vapor was achieved.

Key words: chemical vapor deposition, TiO, photocatalysts, naphtalene, kinetics, modeling.

INTRODUCTION

Naphthalene is a common polycyclic aromatic hydrocarbon (PAH) which can be found in many
anthropogenic fluxes, such as combustion fumes, used oil, bilge water, etc. It has been considered as
possible carcinogenic to humans and it has both acute and chronic effects on human and animal health
(Choplin et al.,2011; Carp et al., 2004).

Removing traces of naphthalene is possible with many techniques, including biofiltration, bioreactors,
membrane bioreactors, ozonolysis, pulse radiolysis, electron beam irradiation, electrolytic aeration and
photocatalysis (Choplin et al.,2011; Carp et al., 2004).

Photocatalysis is based of a semiconductor surface (TiO,), by UV irradiation below 380 nm, which
release electrons from the semiconductor’s valence band. Photo generated electrons and holes react
then with the organic compound to form radicals, making a strongly oxidant environment (Choplin et
al.,2011; Carp et al., 2004; Fabbri et al., 2008; Pramauro et al., 1997).

Naphthalene oxidation by photocatalysis has been investigated in aqueous phase (Lair et al., 2008;
Garcia-Martinez et al., 2005; Shi et al., 2000; Apatiga et al., 2006), and the authors have shown that
degradation yields in formation of various compounds such as naphthols, naphthoquinones and
cinnamaldehydes, and that naphthalene is finally completely mineralized into CO, and H,O. Mainly,
authors used co-solvents (acetonitrile, ethanol) that help dissolving naphthalene, but change the rate
and the selectivity of the reaction (Choplin et al.,2011; Carp et al., 2004). However, there is a lack of
investigation of naphthalene photocatalytic oxidation in gas phase; although this dangerous aromatic
compound, or some similar aromatics could be found as a main carcinogenic parts, existing in the
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exhausted gases. In addition, the kinetics of the reaction of naphthalene photocatalytic degradation in
simulated environmental condition has not been examined, yet.

In this paper, the degradation of naphthalene by photocatalytic oxidation in the presence of TiO, was
studied, kinetic of the degradation process, as well as the direction pathways of the mineralization
process of naphthalene were determined. The Kinetic study allowed determination of the reaction
order.

EXPERIMENTAL
Materials

Naphthalene is purchased from Merck and used as received. In this work, TiO, anatase prepared by
CVD with chromium as doping material (Ti:Cr=9:1) was used.

Preparation of thin film catalyst on the glass substrate

The UV laser induced CVD technique was used for making the film on the substrate, using the
precursor TiCl, and CrO,Cl, with initial pressure ratio of Ti:Cr=9:1. The prepared deposited film was
annealed at 450°C for 2 hours, in order to remove crystal defects. Morphology and structure of the
prepared thin film of catalyst was characterized by Raman spectroscopy. The degradation level of
naphthalene was examined by FTIR spectroscopy and the reaction order and rate limiting reaction step
was simulated by MATLAB.

Photocatalytic experiments

The irradiation experiments were carried out in a 1132 ml Pyrex cylindrical reactor with 55 mm
diameter. The ends of Pyrex reactor are finishing with KrS 5 (thallium bromide-thallium iodide)
windows. At the bottom of cylindrical reactor the glass substrate with thin film of TiO, based
photocatalyst is positioned.

In all experiments the initial amount of naphthalene was 30 Pa, and the photoreactor was fulfilled with
the mixture of naphthalene and oxygen in ration of 1:1000, which means the oxidation, was provided
in total excess of O,.

The light source was middle pressure mercury lamp with a power of 100 W, emitting in the near-UVvV
region (mainly around 365 nm). Using the mirror, the UV light was directed toward the reactor quartz
window and to the surface of photocatalyst. The irradiation time in all experiments was 3h. For
kinetics measurements, the irradiation was stopped in certain times and FTIR spectra were collected
(0, 10, 20, 30, 60, 120 and 180 min), At the end of the irradiation, GC analyses of the gaseous
mixtures were carried out.

Analysis
FTIR spectroscopy (Nicolet Impact 400) was used to follow the degradation of naphthalene induced
by UV light on the catalysts surface, as well as for identification of gaseous products after 3h

irradiation.

For more precise identification of gaseous products GCMS Real Time Analysis, Shimadzu GC-MS-
QP5050 with 50 m DB5 column was utilized.

For quantitative analysis of gas mixture Shimadzu GC-14B with 50 m DB5 column was used. The rate
of heating was 10°C/min up to 230°C linked by Shimadzu C-R8A chromatopac.
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Mathematical modeling
Reaction rate of naphthalene oxidation

Generally, the naphthalene oxidation in a gas phase according to Fogler can be written as:

rA= = — .P:.PBm

dt (R T )n+m—1

1)
where A-naphthalene, B-oxygene. The sign (-) indicates to naphthalene decaying, ra-rate of
naphthalene decaying (Pa-s™), k- rate constant of naphthalene decaying which has units depending on
reaction order, R-universal gas constant, (J-(mol K)™), T-temperature (K), P, and, Pg-partial pressures
of naphthalene and oxygene (Pa), and n,m-constants for the reaction order.

Mass transfer mechanism

Naphthalene oxidation in a presence of TiO, photocatalyst is taking place with contact of gas phase
(naphthalene and oxygene) and solid TiO, photocatalyst (heterogeneous photocatalysis in gas phase).
The steps of reaction are: 1) transfer of gas reactants to photocatalyst surface; 2) adsorption or
chemisorption of reactants at the photocatalysts surface; 3) heterogeneous surface reaction; 4)
desorption of products and 5) transfer of reaction products from photocatalyst surface.
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Figure 1. Reaction steps of naphthalene deposition
All these steps are goes subsequently and the slowest step will determine the overall reaction rate.

Usually, the gas reactants transfer to the photocatalyst surface and the gas products transfer from the
photocatalysts surface are quick processes. So, the adsorption (chemisorptions), desorption and
heterogeneous surface reaction are the steps which can determine the overall reaction rate.

Adsorption model in batch condition in existence of external film and diffusion on photocatalyst
particles surface. If the diffusion into the photocatalyst particle is very quick, then the adsorption is
taking place only on external surface whereby the overall rate will be controlled by diffusion in a
laminar film of particle Adsorption rate for a spherical photocatalyst particles is given as:

3-k -V
do_%k Ve o)
d R,-m
©
where (- average adsorbed quantity (mg/g), C-concentration in a gas phase (md/dm®), C-

equilibrium concentration in a gas phase (md/dm?), k-mass transfer coeficient through external film
(m/s), t-time (s), Rp-radius of photocatalyst spherical particle (m), V-volume in liquid phase (m®) i m-
mass of photacatalyst (g).
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If it is chosen linear equilibrium model (Freundlich isotherm):

g =K-C (3)
where g*-equilibrium concentration of adsorbed pahse (mg/g), K-equilibrium constant (dm?/g).
In adition, by changing equation (3) into (2):

dqg 3k (. —
Mo (g = 4
dt KR, o -a) @
The initial condition for solving equation (4) is given by equation (5):
If equation (5) write in pressure units:
dP_A 3-k¢ (— -
=——I\P,—-P 6
dt K-R, ( AR ) ©
where P_A -average partial pressure (Pa), P*—equilibrium pressure in a gas phase (Pa).
The initial condition for solving equation (6) is given by equation (7):
t=0 P,=P, (7)

RESULTS AND DISCUSSIONS
TiO, photocatalyst prepared by cvd

Raman spectra for the system Ti/Cr is given on figure 2. Deposits are examined on Ta substrate with
laser 473 nm, aperture 100 um pinhole and a 100% laser energy.
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Ratran intensity
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Figure 2. Raman spectra of TiO, deposits for systems Ti:Cr=9:1. (a) as prepared deposit; (b)
annealed deposit at 400°C/2h

From figure 2 it can be seen that as prepared deposits has no peaks, fig.2(a), so the structure is
amorphous. From figure 2(b) shows peaks at 622, 504, 392 and 141 cm™ which are characteristic
peaks for anatase structure (Rengaraj, et al., 2007).
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Photocalatyc degradation of naphthalene

After the irradiation of naphthalene in excess of oxygen and with doped TiO, photocatayst with
chromium, with GC-MS analysis was obtained that main gaseous products after 180 minutes of
irradiation are: CO, and water, although same traces of acetone and ethanol were also detected (less
than 0.1 %). We consider that these compounds are absorbed on the reactor walls, after cleaning
procedure, and because of that became identified between the reaction products. Therefore, complete
mineralization of naphthalene in this system is achieved. The FTIR spectra after 180 min irradiation of
naphthalene is shown on figure 3.
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Figure 3. Areas from characteristic peaks for naphthalene (A) from 3200-2700 cm™; (B) from 2600-
2100 cm™; (C) from 1000-500 cm™. (a) before irradiation; (b) after 180 min irradiation

From figure 3A-a and 3A-c it can be seen that naphthalene has characteristic peaks in a mixture
naphthalene, oxygen and TiO, photocatalysts like: middle peak at 3066 cm™, and peak with a strong
intensity at 781.8 cm™. After 180 min irradiation in excess of oxygen and presence of TiO,
photocatalyst it was obtained FTIR spectra showed on figure 3A-C-b. The peak at 3066 cm™
completely vanish which shows C-H bonds from aromatic ring. That means degradation of two
aromatic rings, but in order of their degradation, it shows peaks at 2970 and 2900 cm™. The peaks at
2970 cm™ and 2900 cm™ are peaks from presence of C-H stretching and CH; from acetone and
ethanol, respectively. In the water region from 1800-1380 cm™ it shows forming of big amount of
water. In the region from 1100-1020 cm™ it shows a new peak with maximum at 1068 cm™ which is
from SiO, from the rubber from quartz window glued with a Pyrex photoreactor. After the irradiation
the characteristic peak at 781.38 cm™ is completely gone. The peak at 668 cm™ is bigger which shows
formation of CO,.

After the irradiation of gas mixture, the photoreactor is filling with helium till atmospheric pressure,
and after that 3 ml from gas mixture is taken for GC-MS analysis. The GC-MS analysis are given on
figure 4.

Identification of gas compounds from GC-MS analysis are given in table 1.

Table 1: GC-MS analysis of gas mixture for system naphthalene-oxygen-TiO, (Ti:Cr=9:1)

Compound retention time, min
0, 2.85
CO, 3.96
H,O ~15
ethanol 21.35
acetone 22.55
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Figure 4. FTIR spectra of solid compounds after 180 min irradiation of naphthalen in presence of
oxygen and TiO, photocatalyst (Ti:Cr=9:1)

After the 180 min irradiation, in a photoreactor are not present solid compounds, except a lot of
amount of CO, peaks from 2385-2285 cm™ which is surface CO, and peak at 667 cm™. There is no
present of any aromatic compound. During the irradiation of naphthalene in excess of oxygen and
TiO, (dopped TiO, photocatayst with chromium, Ti:Cr=9:1) photocatalyst it has been measured level
of degradation with FTIR spectroscopy for 0, 10, 20, 30, 60, 120 and 180 min. The degradation level
of naphthalene is after 180 min irradiation is shown on figure 5.
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Figure 5. FTIR spectra of decaying naphthalene (4) and formation of CO, (B) for UV lamp
irradiation of Cr-doped TiO, photocatalyst. (a) 0 min; (b) 10 min; (c) 20 min; (d) 30 min; (¢) 60 min;
(f) 120 min; (g) 180 min

Kinetic reaction of naphthalene oxidation

Naphthalene oxidation is given by following equation (complete mineralization or degradation):

C,H; +120, —%" s intermediers —10CO, +4H,0

Fitting of experimental data for naphthalene and CO, pressure ratio as a function of irradiation time is
done by Curve Fitting Toolbox, Matlab Software Package. The fitted data are shown in Figure 6.
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Figure 6. Logaritmic diagram for pressure ration as a function of irradiation time
= - experimental value for naphthalene decaying; e - experimental value for CO, forming; ---- fitted
values by first order reaction rate

By the fitting for naphthalene decaying reaction rate constant was determined to be 1,667-10° s with
correlation coefficient R=0,977, and for CO, forming reaction rate constant was determined to be
6,667-10° s with correlation coefficient R=0,979, which are very good correlation. The naphthalene
decaying (degradation) was done for the characteristic peak 781 cm™, and the fitting of CO, forming
was done for characteristic peak for free CO, located at 667 cm™. The semilogarithmic shows that
reaction rate follows first order kinetics of photodegradation of naphthalene in presence of Cr-doped
TiO,.

Determination of limiting step of naphthalene oxidation reaction rate

Beside reaction rate order, for degradation rate of naphthalene is important to determine limiting step
which determines the overall reaction rate. Examination of kinetics in batch conditions is important
because of equipment dimensioning and opportunity to obtain data which can furthermore using for
continuous processes (Fabbri et al., 2008; Pramauro et al.,1997; Lair et al., 2008; Garcia-Martinez et
al., 2005). If the diffusion inside the photocatalyst pellet is very fast than the adsorption taking place
only on the surface of particle, from which the overall reaction rate will be controlled by diffusion in
laminar film around the particle. Results of fitting the experimental data for naphthalene oxidation by
photocalyst are given on figure 7. Simulations were made by MATLAB.
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Figure 7. Dependance of partial pressure of naphthalene as a function of time for the first-order
kinetic reaction
@- experimental data of Cr-doped TiO, photocatalyst obtained by CVD (Ti:Cr=9:1); —— fitted
data of Cr-doped TiO, photocatalyst obtained by CVD
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Mass transfer coefficient through particle film of photocatalysts values for this type of TiO,
photocatalyst is given in table 2.

Table 2: Mass transfer coefficient through particle film of photocatalysts values for Cr-doped TiO,

photocatalyst
TiO, photocatalysts Mass transfer coefficient, ki (m/s)
Ti:Cr=9:1 2101

From table 2 it can be seen that the value for the mass transfer coefficient through particle film of
photocatalyst is 2-10™* (m/s). Experimental data were fitted with other mass transfer models, but none
of them weren’t shown any good fit with experimental data.

So, naphthalene oxidation with TiO, photocatalyst prepared by CVD with ratio Ti:Cr=9:1 is limited by
adsorption in batch condition in existence of external film and diffusion on photocatalyst
particles surface.

CONCLUSIONS

Cr-doped TiO, photocatalyst by CVD was prepared. As prepared deposits are amorphous, and to
obtain crystal structure, as prepared deposits were annealed at 400°C/2h. For preparation of TiO,
photocatalyst TiCl, as a precursor, was used. The results from naphthalene degradation in a presence
of TiO,-photocatalyst are very powerfull for complete degradation of naphthalene, and it follows first
order reaction kinetics. For the overall rate of complete naphthalene oxidation, reaction degradation
rate will be controlled by model of of diffusion on particles photocatalyst surface.
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ABSTRACT

The control of ambient air quality, from the beginning until now, went through different phases which included
different scopes and levels of control. Generally, the control of ambient air quality system in the territory of APV
was being developed at certain pace that was due to the capacity of institutions implementing it, concerning the
human and technical resources, the budget for air quality control and primarily legal obligation that were not
specified enough. Nowadays, the system for management and air quality control is still developing and adjusting
to obligations defined by national and European laws, standards and recommendations but on its way to
systematic arrangement of this area. This paper will demonstrate the development of legislation systems in the
fields of ambient air quality control and protection, from the very beginning up to today when there are a
contemporary air quality control networks which are on the way to fully adjust to national and European
regulation requirements.

Key words: air quality network, monitoring, national regulations.

INTRODUCTION

Almost every country has its standards for the estimation of air pollution. European Union standards
and directives for member states of EU, then NAAQS (National Ambient Air Quality Standards) in
USA, or WHO-AQGs (World health organization Air Quality Guidelines) are effective in Europe.
Regulations of national character have a binding force and are directly applicable and divided into two
groups according to the bearer, legal significance and importance: legal regulations-LOWS, and
subordinate legal regulation-BYLOWS.

THE DEVELOPMENT OF LEGISLATION SYSTEMS IN THE FIELD OF AMBIENT AIR
QUALITY MONITORING IN THE REPUBLIC OF SERBIA

Environmental protection, as a general notion in national law regulation firstly appeared in Health
Protection Lows (1987, 1990) where it was defined that medical care implies measures, activities and
constitutions which preserve and improve health and environment. The primary goal of medical care is
the preservation and improvement of citizens’ healthcare and their work and physical and social
environment. In the system of health service organization among medical institutions, Public Health
Institutions are observing the influence of ecological factors on human health as a part of separate
sectors: hygiene and environmental protection.

First Low on Environmental Protection was adopted in 1991, where the air protection was a separate
section (article 18.-23.) A part of the Low related to the air quality consisted of a few sections where
the ambient air quality and pollution control was defined through measurements i.e. observation of air
quality and basic meteo parameters, records of immision and emission data and resources of air
pollution, as well as systematic research of air pollutions affects on people’s health, their environment
and climate, on national and local level. Provisions of this part of the Low was specified with few acts,
but the most important were:
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1. Ordinance on Air Quality Control Programme which the Government approved for the two year
period, in which the station network for the ambient air quality control was defined (basic meteo and
urban station networks) i.e. exact number of measurement sites in urban areas and types of pollutants
that are measured (basic and specific pollutants). First regulation of establishing the air quality control
programme was adopted in 1993. These regulations also defined the obligation of observing the
impact that the air pollution had on people’s health in twelve cities and that was realized by the
examination of people’s biological reaction to air pollutants, physiological and pathophysiological
changes, morbidity and mortality and the register of diseases which were mostly related to respiratory
organs.

Observation of the impact that air pollution had on the environment was conducted by systematic
pollutants deposition control (pH, ammonium ion, sulphates, chlorides, nitrates, lead, cadmium,
manganese, zinc) in five measurement sites, by intensity in forests growth (chlorosis, bioindicator
species of lichen, fungi and insects on trees) and cumulation of heavy metals into biological matter in
three sites. Observation of the impact that air pollution had on the climate was conducted by parallel
analyses’ results which were based on systematic measurement of immision and on weather
parameters.

It seems that subordinate legal act was assuring legal rights for conduction of all essential activities
related to observing the air pollution and its impact on national as well as international level. However,
after 94/95 and 96/97 Ordinances, the following (2000/2001, 2002/2003, 2004/2005, 2006/2007) had
less content. In fact, number of measurement sites remained approximate, but VORMON and EMPEP
programme measurements in international network were abolished. Ordinance (2000/2001) imposed
these notions: basic meteo station networks and basic urban weather station networks where
observations of gases that contribute to the greenhouse effect (GHG) were defined. Also, this
Regulation was practically without elements which define register of specific diseases by the age
group, without the methodology for estimation of the impact of air pollution on people’s health, which
was probably the result of ineffectiveness of the same studies during the last period.

2. Bylow on treshold values, measurment methods, criteria for establishing measurment cites
and registration of data (1999) which defined that the systematic air quality measurement should be
conducted on the measurement sites that is not directly exposed to the influence of pollutant resources
on the distance of 1.5 to 10 meters from earth level. These measurments should be conducted during
the period of at least a year or six months or even less than six months when the goal is obtaining air
guality data on some measurement sites. Results of systematic air quality —measurement were
recorded, processed and analyzed as concentration mean, number of days when threshold value was
exceeded, frequency of high concentration and median and the results have to be based on 75% of
regulative data. The bylow defines pollutants which have to be measured and divides them into
following groups:

a. inorganic materials: SO, soot, suspended particles, nitrogen dioxide, ground-level ozone, carbon
monoxide, hydrogen chloride, chlorine, hydrogen fluoride, ammonia, hydrogen sulfide, depositional
material from the air, heavy metals in suspended particles: Cd, Mn, Pb, Hg
b. organic materials: carbon disulfide, styrene, tetrachloroethylene, formalhyde, 1,2 dichloroethane,
acrolein

c. carcinogenetic materials: acrylonitrile, arsenic, benzene, chlorine (6+),nickel, polycyclic aromatic
hydrocarbon, vinyl chloride, asbestos, ethylene dichloride, dioxin (2,3,7,8 tetrachloro-dibenzodioxin).
By this bylow these materials are not supposed to be contained in ambient air.

The bylow also defined definition and values od warning immision and episodic pollution which
commence when threshold value is overreached for sulfur dioxide, soot, nitrogen dioxide, carbon
monoxide and ground-level ozone.

Next, local self-government had to make plans on how to improve the air quality and recovery
programmes. Depending on the air quality, the plan determines activities and measures that the
authorities and pollutants should establish in the specific time period, then, it determines the way of
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alerting citizens and other activities and measures for improvement of the air quality.

Recovery programmes are established for specific areas where air quality is at risk in the case of
warning immision. Using the recovery programme, in order to protect the air from local sources of air
pollutants, local self-government can prohibit driving through certain streets for all or some motor
vehicles in specific time period or during the specific level of warning immision and also to establish
other measures for air pollution protection that are caused by motor vehicles and other air pollutants.

CURRENT STATE OF AMBIENT AIR QUALITY CONTROL

Today, basic act concerning the environment in the Republic of Serbia is defined by Environmental
Protection Low (2004). The low establishes integral system of environmental protection which ensures
human rights for living and growing in a healthy environment and balanced relation of economic
expansion and environment (sustainable development). Environmental Protection Act serves as a basis
for establishing the first law that would regulate the air protection since the system of the
environmental protection started functioning in these areas. Low on Ambient Air Protection (2009)
was completely adjusted to European and world standards and it regulates the conduction of the air
quality and establishes measures for the ways of organization and also the control of conducting the
protection and improvement of ambient air quality. Besides that, the Low regulates the questions in a
few groups which refer to air quality requirements (network and measurments), strategies, plans and
programmes, and measures for air quality improvement, informing and reporting, financing,
surveillance and sanctions.

Air quality requirements

The most important step towards improvement of ambient air protection system is reorganization of
air quality monitoring network and the setting of state and local air quality measurment network. After
three years (the last one was in 2007), Ordinance of establishing the air quality control programme on
the national level was legislated (2011). It shows that the APV territory has ten measurement spots:
eight measurement spots for measuring air quality in urban, industrial and suburban areas, one station
and/or measurement spot for measuring air quality in protected nature areas and protected immovable
cultural property environment and one measurement station and/or measurement spot for measuring
air quality on fields that are exposed to specific pollutants, including movable sources (Table 1).

Table 1: a part of state measurement stations network for measuring ambient air quality on the
territory of APV
Type of measurement station Name of measurement station

AMS MS
Measurement stations and/or measurement sites for | Kikinda
measuring air quality in urban, industrial and suburban | Novi Sad-Liman
areas. Beocin-centar
Sremska Mitrovica
Pancevo- Sodara

Pancevo 1
Pancevo 2
Pancevo 3
Measurement stations and/or measurement sites for Pali¢
measuring air quality in protected nature areas and
protected immovable cultural property environment

Measurement stations and/or measurement sites for | Novi Sad-Dnevnik
measuring air quality on area that are exposed to specific
pollutants, including movable sources
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Local network for ambient air quality control includes automatic station network as well as
measurement sites network on which the concentration of pollutants is being measured using manual
methods. Local automatic station network could be divided into two levels:

1. “Regional® level which includes 7 stations all over the terithory of APV that are now under
jurisdiction of Provincial Secretariat for Urban Planning, Construction and Environmental
Protection.

2. “Local® level which consists mostly of measuring sites (around 112 on the teritory of the
APV) for measuring the concentration of pollutants in urban, suburban or industrial areas of
certain cities, as well as the system of automatic stations in Pancevo (4 automatic stations)
which are under jurisdiction of Secretariat for Environmental Protection, Urban Planning,
Construction and Utilities and Housing Services (Jovovic et al 2011).

Characteristics of measurement stations for every urban area are given according to Manual for air
quality data exchange, characteristics of measurement stations and measurement configuration
established by European Topic Centre for Air Pollution and Climate Change Mitigation (Council
Decision 1997, Guidance Report to the Annex to Decision 1997, EEA-EUROAIRNET programme,
Directive 2002, EMEP Task Force on Measurement and Modeling (TFMM)).

Second, but not less important change is defined by the air quality requirements. This chapter of the
Low also serves as a basis for enactment of Ordinance on monitoring and air quality requirements
(2010) which in a more detailed way defines the threshold values of some pollutants in ambient air,
tolerance threshold, high and low evaluation thresholds, target values and hazardous substance
concentration and concentrations harmful to human health which are presented to the public, as well
as referential methods for measuring the concentration of certain pollutants: sulfur dioxide, nitrogen
dioxide and nitrogen oxide, suspended particles (PM10, PM2.5), lead, benzene, carbon monoxide, and
ground level ozone. Aforementioned topics are divided into two parts: conditions for monitoring air
quality and air quality requirements.

Beside the detailed definition of establishing measurement spots criteria, as well as requirements for
minimal number of measurement spots, new Ordinance defines maksimal allowed concentrations
inorganic gaseous compound, organic matter, cancerous matter, total matter sediment, total suspended
particles and soot, as well as high and low tolerance threshold, pollutant target values and also
deadlines for reaching target values.

As far as concrete, numerical threshold values are concerned, the criteria have been tightened for
sulfur dioxide so the new value is 25ug/m® lower on a daily basis than the old threshold value which
means that the 24-hour threshold value is 125pg/m® instead of 150pg/m>. As a logical consequence of
this, the criteria for annual threshold value of sulfur dioxide for protection of vegetation are also
tightened as compared to the old threshold value for uninhabited and recreational areas and it is now
30ug/m’ lower. Moreover, new annual threshold value for nitrogen oxide is 20pg/m® lower than the old
one.

As already stated, until the enactment of the Low and its bylows that regulate and direct the air
protection area, systematic immission measurement was administered in every measurement site as a
part of the network for at least a year or less (Bylow on treshold values, measurment methods, criteria
for establishing measurment cites and registration of data 1999). The criteria for data coverage are
tightened and more precisely defined with new subordinate acts so the minimal data availability for
sulfur dioxide, nitrogen dioxide, nitrogen oxide, and carbon monoxide, suspended particles
(PM10/2.5) and lead, benzene, ground level ozone is 90% for fixed measurements, and for indicative
measurements which are administered in order to identify pollutions in certain areas, minimal time
coverage is 14%.

The Act also prescribes a mandatory definition of zones and agglomeration and air quality evaluation
within these areas which will contribute to better control, state preservation and air quality
improvement.
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Zones are defined as parts of territory with borders, established in order to evaluate and manage air
quality which in terms of control, preservation and/or air quality improvement constitutes a
characteristic functional whole. Agglomeration is defined as an area with more than 250000 residents,
but it can also be an area with less residents. If population density in that area is larger than prescribed
than the need for evaluation and air quality management is justified. If the number of residents in the
zone is less than 250000 than the population density for establishing agglomeration is prescribed by
the Government.

Definition of zones and agglomeration regulation (2011) established specified zones and
agglomerations in the territory of Serbia so the territory of Vojvodina has one agglomeration: Novi
Sad.

Evaluation of air quality within zones and agglomeration is done on the basis of established upper and
lower evaluation boundary once in every 5 years, or more often, if changes in activities that can
influence the monitoring of pollutants concentration occur.

Given the level of pollution with prescribed threshold and tolerance values and on the basis of
measurement results, there are three categories of air quality in areas and agglomeration established by
the regulation:
1) first category: clean or slightly polluted air where the level of threshold values is not exceeded
by any of the pollutants;
2) second category: moderately polluted air where the level of threshold values is exceeded by
one or more pollutants but tolerance values are not exceeded,;
3) third category: excessive polluted air where tolerance values are exceeded by one or more
pollutants.

Second innovation concerns the methods used for measuring the concentration of pollutants. While the
old Ordinance (1992) defined the methods that dealt with manual analysis of samples in laboratories,
the newly defined methods mostly deal with requirements and conditions for automatic measuring of
pollutants in ambient air in real time as well as a certain number of methods which deal with sampling
and their analysis. The use of “non-referential methods” can be approved by Ministry under the
condition that the equivalency test is done i.e. to modify the data so that they are equivalent to those
data which would be collected using referential methods. Equivalency tests in the Republic of Serbia
are done on the location of automatic station Zeleno Brdo in Belgrade, where parallel measuring and
sampling were established, setting the mass concentration of suspended particles PM10 and PM2.5
using gravimetric and automatic methods. The results of the test are still not published (Report of
ambient air quality on the territory of the Republic of Serbia in 2011).

Strategies, plans and programmes

Strategies, plans and programmes, instruments of politics and air protection planning, are: strategy of
air protection, air quality plans and short-term action plans that are established in order to preserve and
improve air quality and avoiding, preventing or reducing harmful consequences for people and the
environment. There is also an obligation to prepare a National programme for gradual reduction of
national emissions of pollutants (SO,, NOx, VOC, NHs).

As far as area dealing with strategic documents, plans and programmes is concerned, it is defined in
more detail by the new act through its subordinate acts (The content of air quality plans ordinance
2010, The content of short-term action plans ordinance 2010). This is the first time that the Strategy of
air protection, as the basic document of air protection strategy, was defined by law and it serves as a
basis for establishing other plans and programmes (plans for air quality, short-term action plans and
programmes for emission reduction). This strategy provides conditions for establishing institutional
system of measures for avoiding, preventing or reducing air pollution and harmful consequences for
human health and the environment.
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Action plans are documents with which the strategy goals are realized, while for areas and
agglomeration the air quality plans are made which state that the air quality is of third category, that is,
the areas are excessively polluted and tolerance value limit has been exceeded by one or more
pollutants.

Short-term action plans are eugalised with Sanitation plans of the old Low but defined in a more
detailed way through content and conditions of their making. Namely, short-term action plans are
made in these three cases (Content of short-term action plans ordinance 2010):
1. in case there is a risk that the levels of air pollutants exceed one or more concentrations
hazardous to human health
2. there is a risk that the concentration of ground level ozone is exceeded which is dangerous to
human health
3. for the sake of human health and environment protection, if needed, if there is a risk of
exceeding one or more threshold or target values for certain pollutants.

Air quality improvement measures, informing and reporting, financing, surveillance and
sanctions

Air quality improvement measures, aside from legal basis for definition of threshold values of
emission from stationary and mobile sources, reduction of gas emission with the green house effect,
gradual reduction of use of ozone layer damaging substances and other measures for preventing and
reducing the pollution which, among other things, innovate issuing licenses for newly constructed or
reconstructed stationary pollution sources for which there is no prescribed obligation for issuing
integrated license, that is, making the evaluation study about the influence on the environment.

Informing and reporting determines how often, through which media and what is being informed
within the authorities and the public. The information content and deadlines for informing are also
determined by this. More detailed obligations about informing are defined in Regulation on ways of
exchanging information about measurement spots in state and local network, and by measurement
techniques as well as ways of data exchange obtained by monitoring the air quality in state and local
networks (2010).

Moreover, the formation of information system, that is, content of information system is also defined
here.

Financing which determines the source of the budget for finding solutions for protection and
improving air quality.

Surveillance, that is, the rights, obligations and authorities of inspector and in a separate chapter there
are penalty provisions where fines for economic offences are defined.

CONCLUSION

The control of ambient air quality, from the beginning until these days went through different phases
which included different scopes and levels of control. Generally, the control of ambient air quality
system in the territory of APV was being developed at certain pace that was due to the capacity of
institutions implementing concerning the human and technical resources, the budget for air quality
control and primarily legal obligation that were not specified enough. Nowadays, the system for
management and air quality control is still developing and adjusting to obligations defined by national
and European laws, standards and recommendations but on its way to systematic arrangement of this
area.

During the last two decades measurement station networks for manual monitoring were developed on
the territory of APV. Results obtained from these stations were than presented into annual reports. The
making of legally defined Plans for taking action in order to improve the current state was not
common practice and reduction and preventing air pollution measures were reduced to inspection.
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Today, there is systematic monitoring of air quality in Vojvodina. Air quality is monitored in a certain
area in real time and this provides the possibility to assess the air quality in certain spatial units (areas
and agglomerations). However, major efforts must be made in order for the system to function and to
fulfill stated legal obligations. Namely, at the beginning 10% of its total value must be invested in
maintenance and service of one automatic station and in subsequent years this percentage increases
due to deterioration of the analyzer and the increasing demands in terms of maintenance. In the system
of automatic stations on the APV territory, which are under the jurisdiction of Provincial Secretariat
for Urban Planning, Construction and Environmental Protection, this influences the reduction of
available data from year to year so, somethimes it is impossible to make the necessary evaluation and
assessment of air quality. A second problem that arises is unsolved legal status of automatic stations
which are under the jurisdiction of Provincial Secretariat and the City of Pancevo. Namely, air
protection act defines that the competent body of autonomous province is responsible for monitoring
air quality in a local network by an authorized person or expert organization accredited as a research
laboratory that meets the requirements and has the license for air monitoring and/or emission
measurement issued by the Ministry. It can also authorize a person to monitor air quality, stations, to
collect and analyze data from the local network. It is important to solve the legal status of
aforementioned automatic stations because expert and accredited institutions and authorised
institutions will provide valid and comparable data which will serve as a basis for evaluation of air
quality and take action in order to protect human health and the environment.

Moreover, the measurement sites network for determining the concentration of pollutants in ambient
air using manual methods on the territory of APV is enormous (it consists of around 112 measurement
spots) and requires a systematic rationalization as well as adjustment of used methods with referential
methods.
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