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UVODNA RIJEC

Hrvatsko udruzenje za zastitu zraka nastavlja svoju dugogodisnju tradiciju organiziranja
znanstveno — stru¢nog skupa na temu zastite zraka. Ovogodi$nji IX skup s medunarodnim
sudjelovanjem odrzava se po prvi put u Porecu, drevnom gradu smjestenom na zapadnoj
obali poluotoka Istre.

Veliki broj prijavljenih sudionika te 53 prijavljena izlaganja, prikazanih u ovom zborniku
sazetaka, dokaz je zainteresiranosti stru¢ne javnosti, domace i inozemne, o sve prisutnijem
problemu onecisc¢enja zraka koje ima utjecaj na zdravlje ljudi i okoli$. Svakodnevne aktiv-
nosti pracenja kvalitete zraka zahtijevaju znanje, iskustvo, odgovarajucu opremu, primjenu
zakonske regulative... Na skupu ,,Zastita zraka 2015 sudionici ée prezentirat iskustva i
probleme s kojima se susre¢u u svom radu kroz slijedece teme:

. Upravljanje kvalitetom zraka — inspekcija i nadzor

. Emisije oneciS¢enja u atmosferu

. Oneciséenje vanjske atmosfere — imisije

. Razvoj i provjera mjernih metoda

. Procjena izloZenosti one¢i$é¢enjima u zraku i u¢inci na zdravlje i okoli$
. Azbest u zraku

. EFCA sekcija ”Particulate matter — sources, levels, content, policies®.

~N N AW~

Posebno zelimo naglasiti sekciju ”Particulate matter — sources, levels, content, policies*
koja se organizira pod pokroviteljstvom Europske federacije udruzenja za Cisti zrak i zastitu
okolisa (European Federation of Clean Air and Environmental Protection Associations).

Pozitivna iskustva prethodno odrzanih skupova daju nadu u uspjesnost i ovog skupa.
Svim sudionicima zelimo uspjesno izlaganje, korisne izmjene iskustva, plodonosne rasprave
iugodno druzenje.

Jagoda Doko Jelini¢ i Gordana Pehnec
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FOREWORD

The Croatian Air Pollution Prevention Association continues its longstanding tradition of
organising scientific and professional conferences on air protection. This year’s 9th edition
with international participation is for the first time held in Pore¢, an ancient town located
at the western coast of the Istria peninsula.

The large number of participants and the 53 submitted presentations contained in this
Book of Abstracts clearly prove that both the international and domestic professional public
are more than interested to learn about and discuss the ever-growing and threatening impact
of air pollution on human health and the environment. As we are all aware, the everyday
activities of regular air quality monitoring require knowledge, experience, adequate equip-
ment, good legislation, as well as many other factors to coincide and fall into place. The
participants of the Air Protection 2015 conference will present their experiences and the
issues they encounter in their work through the following topics:

Managing air quality — inspection and control

Atmospheric emissions of pollutants

Monitoring ambient air pollution

Developing and testing measuring methods

Estimating exposure to air pollutants and impact on health and the environment
Asbestos in the air

EFCA session “Particulate matter — sources, levels, content, policies”

N kLD

We would especially like to point out the session “Particulate matter — sources, levels,
content, policies”, organised under the auspices of the European Federation of Clean Air
and Environmental Protection Associations (EFCA).

Positive memories from previous conferences assure us that this year’s edition will be
just as successful. We wish all of the participants a fruitful professional stay and a lovely
time in Porec.

Jagoda Doko Jelini¢ and Gordana Pehnec
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Krmpotié¢ S.!, DoSen G.' i Krevzelj Z.!

ZAKONODAVSTVO IZ PODRUCJA KVALITETE ZRAKA -
STATUS, PROMJENE I PRIMJENA

Kljucéne rijedi: kvaliteta zraka, Zakon o zastiti zraka, Direktiva 2008/50/EZ, referentni laboratoriji,
drzavna mreza

Cilj je prikazati izmjene temeljnih, podzakonskih i planskih propisa iz podrucja kvalitete zraka,
status primjene propisa u podrucju pracenja i upravljanja kvalitetom zraka te izvjescéivanja, novi
koncept rada drzavne mreze za trajno pracenje kvalitete zraka prema izmjenama i dopunama Zako-
na o zastiti zraka, pregled aktivnosti strucnih tijela za kvalitetu zraka Europske komisije te strateskih
i zakonodavnih dokumenata u sektoru zastite atmosfere, obveze Republike Hrvatske prema Europskoj
komisiji u podrucju kvalitete zraka, izmjene EU propisa iz podrucja kvalitete zraka i obveze RH,
pregled planova za unaprjedenje i modernizaciju drzavne mreze te pregled aktualnih mjera za za-
Stitu i poboljsanje kvalitete zraka.

U razdoblju 2013.-2015. temeljem Zakona o zastiti zraka doneseno je nekoliko novih podzakonskih
propisa ili su izmijenjeni postojeci kojima se propisuje: nacin pracenja kvalitete zraka i nacin rada
referentnih laboratorija za osiguranje kvalitete mjerenja i podataka, novi rezim procjenjivanja kva-
litete zraka i podjela teritorija drzave na manji broj zona i aglomeracija, mjerna mjesta koja se
koriste za razmjenu i izvjescivanje te mjerna mjesta drzavne mreze prema kriterijima Direktive
2008/50/EZ, nacin i format e-izvjescivanja i drugo. U 2014. godini izmjenama i dopunama Zakona
o zastiti zraka odredeni su referentni laboratoriji nadlezni za mjerenje svih oneciscujucih tvari na
postajama u drzavnoj mrezi, te rokovi primjene i nacin financiranja drzavne mreze.. RH aktivno
sudjeluje u svim aktivnostima EK, EEA, AQUILA i Fairmode i uspjesno ispunjava obveze e-izvjesci-
vanja u cilju razmjene informacija o kvaliteti zraka i procjenjivanju kvalitete zraka. U cilju pojas-
njenja i poboljSanja primjene pojedinih odredbi direktiva o kvaliteti zraka EK donosi novu Direkti-
vu Komisije (EU) o izmjeni odredenih priloga direktivama 2004/107/EZ i 2008/50/EZ i utvrdivanju
pravila za referentne metode, validaciju podataka i lokaciju toc¢aka uzorkovanja za ocjenjivanje
kvalitete zraka za koju se ocekuje da ce se morati prenositi u nacionalno zakonodavstvo do 31.12.2016.
godine. Daljnje unaprjedenje i modernizacija drzavne mreze planira se kroz strateski projekt pred-
viden za financiranje u okviru Operativnog programa “Konkurentnost i kohezija” 2014.-2020.
Plan zastite zraka, ozonskog sloja i ublazavanja klimatskih promjena u RH za razdoblje 2013.-2017.
strateski je dokument koji odreduje mjere zastite i poboljsanja kvalitete zraka i smanjenja emisija.
Znacajne mjere iz Plana kao i drugih strateskih dokumenata odnose se na unaprjedenje informacij-
skog sustava zastite zraka, mjere smanjenja emisija iz prometa od izgaranja i hlapljenja goriva u
cestovnom, zeljeznickom, zracnom, pomorskom, rijecnom i ne-cestovnom prometu, mjere smanjenja
emisija iz uredaja za loZenje i druge.

! Ministarstvo zastite okolisa i prirode, Radnicka cesta 80, Zagreb
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Krmpotié¢ S.!, DoSen G.!' and Krevzelj Z."

AIR QUALITY LEGISLATION - STATUS, AMENDMENTS,
AND IMPLEMENTATION

Keywords: air quality, Air Protection Act, Directive 2008/50/EC, reference laboratories, state
network

This paper provides a review of the various types of regulations related to the area of air quality, as
well as the status of the implementation of these regulations in the areas of monitoring and manage-
ment of air quality and reporting. It presents a new concept of functioning for the state air quality
monitoring network according to the amendments to the Air Protection Act, review of the activities
of the European Commission (EC) expert bodies regarding air quality and review of the strategic
and legislative documents in  atmosphere protection sector, the obligations of the Republic of
Croatia toward the EC with regard to air quality, plans for improving and modernisation of the state
network and review of measures for protection and improvement of air quality.

From 2013 to 2015, pursuant to the Air Protection Act, several new or amended regulations have
been adopted in order to regulate: the manner of air quality monitoring, duties of reference labora-
tories for ensuring quality of measurements and data, a new regime for assessment of air quality and
the limitation state territory into smaller number of zones and agglomerations, measuring sites
dedicated for information exchange and reporting according to the criteria of Directive 2008/50/
EC. In 2014, the Air Protection Act established reference laboratories in charge of measuring pol-
lutants at state network stations, deadlines for implementation and source of funding. The Republic
of Croatia has actively participated in all EC, EEA, AQUILA, and Fairmode activities and has suc-
cessfully met its responsibilities concerning e-reporting on data exchange and air quality assessment.

With the aim of clarifying and improving certain provisions, the EC has been amending Directives
2004/107/EC and 2008/50/EC and Croatia is expected to transpose new legislation by 31 December
2016. Further improvements and modernisation of the state network are planned through EU struc-
tural funds 2014-2020.

The Plan for protecting air and the ozone layer and mitigating climatic change in Croatia for 2013-
2017 is a strategic document that sets measures of protection and improvement of air quality and
emission reduction. Significant measures this document relate to improvement of air protection
information system, reducing emissions from road, railway, air, maritime, river, other traffic and
combustion plant emission reduction measures.

! Ministry of Environmental and Nature Protection, Radnicka cesta 80, Zagreb, Croatia
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Sega K.! i Beslié¢ I.!

MEDUNARODNE INERKOMPARACIJE ODREDIVANJA
MASENIH KONCENTRACIJA LEBDECIH CESTICA

Kljuéne rijeti: EN 12341(1998), EN 14907(2005), EN 12341 (2014), EN 17043, JRC-Ispra, IAEA

Prikazani su cilj, svrha, nacin planiranja i provedbe sljedecih medunarodnih interkomparacija
odredivanja masenih koncentracija lebdecih Cestica:

* A quality assurance program for particles in Europe, AQUILA JRC Ispra (2006-2009)

Od 2006. do 2009. godine provedeno je osamnaest Cetrnaestodnevnih kampanja mjerenja koncen-
tracija frakcija lebdecih cestica PM,, i PM, s u osamnaest zemalja ¢lanica EU. Referentne vrijed-
nosti su predstavljale koncentracije dobivene uredajima JRC smjestenim u pokretnu mjernu stanicu.
U ispitivanjima je sudjelovalo ukupno 35 laboratorija sa sakupljacima uzoraka i automatskim
analizatorima.

* Intercomparison Exercise for Ambient Mass Conc. Measurement of Atmospheric Particulate Matter
by Gravimetric Samplers, Demokritos, Atena, Grcka (2010)

U okviru projekta IAEA RER/2/005 provedena je tijekom 20 dana u listopadu 2010. interkompara-
cija koncentracija frakcije lebdecih cestica PM,, u institutu Demokritos u Ateni godine. Sudjelovalo
Jje 13 laboratorija iz 9 zemalja.

* Inter-laboratory Comparison Exercise Protocol for PM,, and PM, ; Joint Research Centre — Ispra
(2015 u tijeku)

Odrzana je interkomparacija koncentracija frakcija lebdecih cestica PM,, i PM, ;. Uzorci su saku-
pliani 56 uzastopnih dana od veljace do travnja 2015. godine. Ucestvovala su 22 laboratorija iz 20
zemalja. Rezultati mjerenja se obraduju te se ocekuje zavrsni izvjestaj do 15. studenog 2015. godine.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb, Hrvatska
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Keywords: EN 12341(1998), EN 14907(2005), EN 12341 (2014), EN 17043, JRC-Ispra, IAEA

The main goal, purpose, planning and realisation of the following inter-comparison exercises for
PM mass concentration determination is elaborated.:

* A quality assurance program for particles in Europe, AQUILA JRC Ispra (2006-2009)

Over the period 2006-2009 eighteen 14-day campaigns of PM,, and PM, ; intercomparison were
performed in 18 EU member states. As reference values PM concentrations obtained by use the
equipment situatSed in JRC mobile station were used. Thirty-five laboratories participated in this
exercise using various samplers and automatic monitors _for PM concentration determination.

* Intercomparison Exercise for Ambient Mass Conc. Measurement of Atmospheric Particulate Mat-
ter by Gravimetric Samplers, Demokritos, Athens, Greece (2010)

Within the project IAEA RER/2/005 an intercomparison exercise of PM,, mass concentrations was
performed over 20 day period during October 2010 at the location of Demokritos institute in Athens,
Greece. Thirteen laboratories from 9 countries participated in this exercise.

e Inter-laboratory Comparison Exercise Protocol for PM,, and PM., ;5 Joint Research Centre — Ispra
(2015 ongoing)
An intercomparison exercise of PM,, and PM, ;s mass concentrations was performed at JRC location
in Ispra, Italy. Samples were collected over 56 consecutive days from February to April 2015.
Twenty-two laboratorieds form 20 member states participated in this exercise. Results are in evalu-
ation and final report should be submitted by 15 November 2015.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, 10000 Zagreb
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ISKUSTVA AKREDITACIJE INSTITUTA ZA MEDICINSKA
ISTRAZIVANJA I MEDICINU RADA

Kljuéne rijeci: ispitni laboratoriji, akreditacija, ISO standardi, upravijanje kvalitetom, mjerna
sljedivost

Akreditacija sukladno zahtjevima medunarodnog standarda HRN EN ISO/IEC 17025 (Opci zahtje-
vi za osposobljenost ispitnih i umjernih laboratorija) je ve¢ odavno postala prakticna i opceprihva-
c¢ena metoda upravljanja kvalitetom i potvrda nezavisne trece strane tehnickih kompetencija, znanja
i vjestine ispitnih i umjernih laboratorija.
Prednost akreditiranih laboratorija jest dokumentirani sustav upravljanja kvalitetom, neprestanim
poboljsanjima i edukaciji svih ukljucenih u sustav, pouzdanosti ispitnih rezultata te uspostavi povje-
renja u usluge koje akreditirano tijelo pruza, posebice zbog (medunarodne) usporedivosti medula-
boratorijskih ispitivanja usvajanjem koncepta mjerne sljedivosti.
Institut za medicinska istraZivanja i medicinu rada (IMI) je svoj sustav upravljanja sukladno zahtje-
vima norme HRN EN ISO/IEC 17025 akreditirao godine 2010. za podrucja:

* Odredivanje radioaktivnosti

* Odredivanje kakvoce zraka i onecisc¢ujucih tvari u zraku

* Ispitivanja u podrucju zastite od ionizirajuceg zracenja
U akreditaciju su ukljucene tri organizacijske jedinice: Jedinicu za zastitu od zracenja, Jedinica za
higijenu okolina i Jedinicu za dozimetriju zracenja i radiobiologiju.
Sukladno pravilima Hrvatske akreditacijske agencije, godine 2015. predvidena je re-akreditacija
Instituta.
Prikazan je i raspravljen sustav upravljanja kvalitetom u Institutu te petogodisnja iskustva. Analizi-
rane su nesukladnosti otkrivene tijekom redovnog rada, unutarnjih neovisnih ocjena te vanjskih
ocjena koja je provela Hrvatska akreditacijska agencija.
Moze se zakljuciti da je akreditirani sustav upravljanja znatno unaprijedio rad ukljucenih Jedinica
te Institutu povecao vidljivost i dao marketinsku prednost, a time posljedicno omogucio i povoljniji
trzisni polozaj.

! Institut za medicinska istrazivanja i medicinu rada, pp 291, Ksaverska cesta 2, HR-10001 Zagreb, Republika Hrvatska,
e-posta: zdenko.franic@imi.hr
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ceability

Accreditation in accordance with the requirements of the international ISO / IEC 17025 standard
(General requirements for the competence of testing and calibration laboratories) has become a
practical and widely accepted method of quality management and objective evidence of technical
competence, knowledge and skills of testing and calibration laboratories issued by an independent
third party.
The competitive advantages of accredited laboratories are the documented quality management
system, continuous improvement and training of personnel involved in the quality system, reliability
of test results, as well as the establishment of confidence in services provided by the accredited
laboratories, particularly for the purposes of (international) comparability in interlaboratory tests
by adopting the concept of traceability.
The Institute for Medical Research and Occupational Health (IMI) has accredited its management
system in accordance with the requirements of ISO / IEC 17025 standard in 2010 for:

* Determination of radioactivity

* Determination of air quality and pollutants in the air

* Testing in the scope of ionizing protection
This accreditation encompassed three units: Unit for Radiation Protection, Environmental Hygiene
Unit and the Unit for Radiation Dosimetry and Radiobiology. In accordance with the rules of the
Croatian Accreditation Agency, re-accreditation of the Institute is planned in 2015.
The quality management system at the Institute and experiences over the five-year period are described
and discussed. We analyzed non-conformities discovered during regular work, internal audits and
external audits performed by the Croatian Accreditation Agency.
It can be concluded that the accredited management system significantly improved the performance
of the involved accredited Units, whereas the Institute increased visibility and marketing advantage,
consequently improving its market position.

! Institute for Medical Research and Occupational Health, PO Box 291, Ksaverska cesta 2, HR-10001 Zagreb, Republic
of Croatia e-mail: zdenko.franic@imi.hr
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MONITORING KVALITETA VAZDUHA I ISTRAZIVANJA
SUSPENDOVANIH MATERIJA U SRBIJI

Kljuéne rijeci: kvalitet vazduha, suspendovane materije, modelovanje

U radu ce biti predstavijena i diskutovana metodologija pracenja i ocene kvaliteta vazduha u moni-
toring mrezi Republike Srbije kao i glavni rezultati istrazZivackih projekata koji se bave kvalitetom
vazduha u urbanoj zoni Beograda. Postavljanje mreze automatskih stanica za pracenje kvaliteta
vazduha je zapoceto 2006. godine ali je ona formirana u periou 2008-2011. donacijom sa projekta
EU CARDS uz dodatnu podrsku drzave. Teritorija je tako podeljena na 3 zone i 4 aglomeracije a
evaluacija uspostavljena u 3 kategorije na osnovu izmerenih koncentracija zagadjivaca. Za struk-
turnu evaluaciju kvaliteta vazduha u aglomeracijama je uspostavljeno 5 klasa indeksa kvaliteta
vazduha (SAQI) zavisno od granicnih vrednosti koncentracija polutanata. Granicne vrednosti za
suspendovane materije PM,, su postavijene na osnovu nacionalnih propisa koji su uskladjeni sa
direktivom EU 2008/50/EC. Dosadasnji rezultati ukazuju da je zagadenost vazduha u visokoj kore-
laciji sa vrednostima dnevnih koncentracija PM,, koje Cesto prevazilaze postavljene granicne vred-
nosti. S obzirom na to da je identifikacija izvora zagadjenja vazduha veoma vazan korak u procesu
razvoja strategija za ocuvanje kvaliteta vazduha, Ministarstvo prosvete, nauke i tehnoloskog raz-
voja je podrzalo naucno-istrazivacke projekte koji se odnose na ovu temu, a istraZivacke grupe i
sami istrazivaci su takode ukljuceni u medjunarodn strucnu saradnju u okviru Horizont 2020, IAEA
regionalnih, bilateralnih i drugih projekata. Metodologije se uglavnom mogu opisati kao fizicko-
hemijska karakterizacija suspendovanih cestica u vazduhu primenom razlicitih analitickih tehnika i
postupaka, pracena receptorskimmodelovanjem radi analize udela pojedinih izvora u ukupnom za-
gadjenju. Postoje i pojedini pokusaji iskoraka iz standardnih propisanih metoda i procedura radi
poboljasanja i postizanja napretka. Multi-komponentna analiza se koristi kao najefikasnija za us-
postavljanje znacajnih korelacija i za dobiajnje informacija o regijama izvora zagadjenja na osnovu
podataka o koncentracijama pojedinih zagadjivaca. PMF modelovanje je mocna tehnika i alat koji
omogucava identifikaciju izvora i udela zagadjenja. U najvecem broju slucajeva primene ove
numericke tehnike, moguce je identifikovati 5-6 faktora za posmatranu urbanu lokaciju istog tipa,
medju kojima su zajednicki: saobracaj, sagorevanje nafte ili uglja i industrija, svi pod uticajem
ljudskih aktivnosti. Ukljucenost u medjunarodnu saradnju donosi novi kvalitet u istraZivawe u ovoj
oblasti kao npr. novi koncept ukljucenja gradjana u monitoring kvaliteta vazduha na osnovu sopst-
venih posmatranja, primena nedestruktivnih nuklearnih tehnika kao $to su PIXE (emisija x zracenja
indukovana protonima) i EDXRF (enrgetski disperzivna fluorescencija x zracenja) za karakter-
izaciju Cestica ili primena bioindikatora za uzorkovanje, itd. Primena modelovanja jo$ uvek nije
uobicajena u procesu donosSenja odluka ali rezulatati istraZivanaja ukazuju da bi to mogao biti
znacajan izvor podataka za odlucivanje.

! Laboratorija za zastitu od zracenja i zastitu Zivotne sredine, Institut za nuklearne nauke Vin&a, p.p.522, Beograd 11001,
Srbija

2 Agencija za zastitu Zivotne sredine, Ministarstvo poljoprivrede i zastite Zivotne sredine, Ruze Jovanovic 27, Beograd
11000, Srbija
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AIR QUALITY MONITORING AND RELATED
PARTICULATE MATTER RESEARCH IN SERBIA
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This paper presents and discusses the methodology of air quality assessment and evaluation in the
monitoring network of the Republic of Serbia and the main results of related research projects on
air quality in the Belgrade urban area. The automatic air quality stations network was initiated in
2006 and formed in 2008-2011 through an EU CARDS project donation and additional support from
the Government. The country has been divided into 3 zones and 4 agglomerations and evaluation
established through three categories based on the concentration values of air pollutants. Five
classes of air quality index (SAQI) were established in relation to limit concentration values and are
used for the structural evaluation of air quality in agglomerations. Limit values for particulate mat-
ter PM,, are set by national regulations in accordance with EU Directive 2008/50/EC. Results so
far indicate that air pollution is highly related to PM,, daily concentrations often exceeding the
limit values. Since identification of air pollution source characteristics is an important step in the
development of air quality strategies, the Ministry of Education, Science and Technological Develop-
ment supports research projects related to this subject, but research groups or individuals also
collaborate within Horizon 2020, IAEA regional, bilateral projects, etc.. The applied methodologies
may be described as physicochemical characterizations of particulate matter using various analyti-
cal techniques and procedures, followed by receptor modeling for source apportionment analysis.
Some alternative trials were developed beyond standard prescribed methods and procedures in order
to achieve improvements and make advances. Multi-component analysis is used as most efficient to
get relevant correlations and provide information regarding source regions of pollution based on
pollutant concentration data. Positive Matrix Factorization (PMF) modelling was applied as a
powerful tool for source identification and apportionment. In a number of runs, five to six factors
were identified for each site of the same type with a few common factors: traffic, oil combustion, coal
combustion and industry, all of which are under the influence of anthropogenic activities. Involve-
ment in international cooperation delivers new quality into research in this area, for instance through
a new concept of civil involvement in environmental monitoring by personal observations, a non-
destructive nuclear technique like PIXE (proton induced X-ray emission) and EDXRF (energy dis-
persive X ray fluorescence) for particle characterization or the use of bioindicators as sampling
mediums. Modeling is still not commonly relied upon in the decision-making process, but research
results indicate it will soon become a valid source.

! Radiation and Environmental Protection Laboratory, Vinca Institute of Nuclear Sciences, P.O.Box 522, Belgrade
11001, Serbia

2 Environmental Protection Agency, Ministry of Agriculture and Environmental Protection, Ruze Jovanovic 27, Belgra-
de 11000, Serbia
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RAZMJENA INFORMACIJA 1 IZVJESCIVANJE O
KVALITETI ZRAKA

Kljuéne rijeci: kvaliteta zraka, razmjena informacija, izvjescivanje, Europska komisija

Europska komisija (EK) je sa provedbenom Odlukom 2011/850/EU (IPR) utvrdila pravila za pro-
vedbu Direktiva 2004/107/EZ i 2008/50/EZ Europskog parlamenta i Vijeca o obvezama drzava
Clanica u svrhu izvjescivanja o procjeni i upravljanja kvalitetom zraka kao i o uzajamnoj razmjeni
informacija o mrezama i postajama, te mjerenjima kvalitete zraka na onim postajama koje se, izme-
du postojecih, odaberu u svrhu uzajamne razmjene informacija. Nadlezno tijelo za provedbu Odluke
komisije je Agencija za zastitu okolisa (AZO).

Za razmjenu informacija i izvjescivanje koriste se podaci o koncentracijama onecisc¢ujucih tvari
dobiveni mjerenjima na stalnim mjernim mjestima odredenih clankom 4 Uredbe o utvrdivanju popi-
sa mjernih mjesta za pracenje koncentracija pojedinih onecisc¢ujucih tvari u zraku i lokacijama
mjernih postaja u drzavnoj mrezi za trajno pracenje kvalitete zraka (NN 22/14), a u pojedinim zo-
nama i aglomeracijama podaci mjerenja mogu se nadopunjavati/kombinirati indikativnim mjerenji-
ma, tehnikama modeliranja i objektivnom procjenom.

Podaci koji se dostavljaju u repozitorij podataka uspostavljen od EK u suradnji s Europskom oko-
lisnom agencijom u svrhu razmijene informacija i izvjescivanja o kvaliteti zraka su podaci o: zona-
ma i aglomeracijama, sustavu procjenjivanja, metodama procjenjivanja, validiranim podacima
mjerenja i modeliranja, te podaci o postizanju ciljeva zastite okolisa (usporedba s granicnim i ciljnim
vrijednostima). Kontinuirano se razmjenjuju i izvorni podaci u realnom vremenu (,, up-to-date ).
Republika Hrvatska je u 2014. godini prvi put bila u obavezi izvijestiti EK o kvaliteti zraka za 2013.
godinu Sto je uspjesno i izvrSeno. AZO je u tu svrhu razvila ,, Portal kvaliteta zraka u Republici
Hrvatskoj“, te je izvjescivanje izvrSeno u standardiziranom elektronskom obliku (XML formatu) u
skladu sa zahtjevima IPR i INSPIRE Direktive 2007/2/EZ o uspostavljanju infrastrukture za prostor-
ne informacije u Europskoj zajednici.

Za 2013. godinu u repozitorij podataka EK dostavijeni su podaci i ocjena kvalitete zraka u zonama
i aglomeracijama o koncentracijama slijedecih onecisc¢ujucih tvari u zraku: sumporovog dioksida
(S0O,), dusikovog dioksida (NO,), lebdecih Cestica (PM,, i PM,;), olova (Pb), benzena, ugljikovog
monoksida (CO), prizemnog ozona (O;), arsena (4s), kadmija (Cd), Zive (Hg), nikla (Ni), benzo(a)
pirena (BaP). Uz koncentracije oneciscujucih tvari dobivenih mjerenjem prvi puta su za ocjenu
kvalitete zraka u zonama i aglomeracijama koristene koncentracije oneciscujucih tvari u zraku do-
bivene modeliranjem, odnosno objektivnom procjenom.

1Agencija za zastitu okoliSa, Zagreb, Hrvatska
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EXCHANGE OF INFORMATION AND AIR QUALITY
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By adopting the Implementing Decision 2011/850/EU (IPR), the European Commission laid down

the rules for Directives 2004/107/EC and 2008/50/EC of the European Parliament and of the Coun-

cil regarding the Member States’ obligations to report on the assessment and management of ambi-

ent air quality, as well as the reciprocal exchange of information and air quality measurements,

obtained from stations selected among the existing stations for the purpose of reciprocal informati-

on exchange. The Croatian Environment Agency (CEA) is the competent authority for the implemen-

tation of the Commission Decision.

Data used for the exchange of information and reporting on the assessment and management of
ambient air quality are those relating to concentration levels of a specific pollutant obtained by fixed
measurement points regulated by Article 4. of Regulation on determining list of measurement points
for monitoring the concentration of certain pollutants in the air and locations of monitoring stations

in the state network for permanent air quality monitoring (OG 22/14). In certain zones and agglo-

merations, measurement data can be supplemented/combined with indicative measurement, modelling
techniques and objective estimation.

Information to be provided in the data repository established by the EC in cooperation with the
European Environment Agency for the purpose of information exchange and air quality reporting
are data on zones and agglomerations, assessment regime, assessment methods, validated data

measurement and modelling, as well as attainment of environmental objectives (comparison with
limit and target values). Primary up-to-date data continuously exchange in the real time.

The Republic of Croatia in 2014 for the first time assumed the responsibility to inform the EC on air
quality in 2013, and completed this task successfully. For this purpose, the CEA introduced the “Air
quality portal in the Republic of Croatia”, and reporting was carried out in a standardized electro-
nic format (XML format) in accordance with the requirements of IPR and the INSPIRE Directive
2007/2/EC establishing an Infrastructure for Spatial Information in the European Community.

For 2013, the CEA submitted to the Commission data repository information and assessments of air
quality in zones and agglomerations of the concentrations of the following air pollutants: sulphur
dioxide (SO,), nitrogen dioxide (NO,), particulate matter (PM,, and PM,;), lead (Pb) , benzene,

carbon monoxide (CO), ground-level ozone (O;), arsenic (As), cadmium (Cd), mercury (Hg), nickel
(Ni), benzo(a)pyrene (BaP). For air quality assessments in zones and agglomerations, the measured
concentration of pollutants combined with a modelled concentration of pollutants as an objective
estimation were used for the first time.

! Croatian Enviroment Agency, Zagreb, Croatia
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PRIMJENA I PROBLEMI ZAKONSKE LEGISLATIVE

REPUBLIKE HRVATSKE VEZANE ZA MJERENJE EMISIJA

ONECISCUJUCIH TVARI U ZRAK 1Z NEPOKRETNIH
IZVORA

Kljuéne rijeci: legislativa, industrijski procesi, emisije, oprema za smanjenje emisija

Tijekom visegodisnjih mjerenja emisija oneciscujucih tvari u zrak iz nepokretnih izvora proizasia su
mnoga pitanja i problemi vezano uz zakonsku legislativu Republike Hrvatske, a odnose se na mjere-
nje emisija oneciscujucih tvari u zrak iz nepokretnih izvora. Problemi su uoceni prilikom tumacenja,
pracenja i vrednovanja emisija oneciscujucih tvari u zrak od strane laboratorija koji su provodili
mjerenja kao i od strane vlasnika nepokretnih izvora.

Neka od vaznijih pitanja i problema koja se odnose na uskladivanje s vazecom legislativom u Repu-
blici Hrvatskoj su:

1.

UCestalost mjerenja za postrojenja koja nisu obveznici posebnog propisa na temelju kojeg se
utvrduju objedinjeni uvjeti zastite okolisa (npr. postrojenje s ugradenim filtrima za smanjenje
praskastih tvari nema obvezu mjerenja ako je omjer izmedu emitiranog masenog protoka i
granicnog masenog protoka manji od 0,5. Postavlja se pitanje kontrole istog.)
Neudovoljavanje granicnim vrijednostima emisije (GVE) kod postrojenja koja su obveznici
Uredbe i postrojenja koji su obveznici posebnog propisa na temelju kojeg se utvrduju objedi-
njeni uvjeti zastite okolisa (npr. emisija iz nepokretnog izvora ne udovoljava propisanim GVE.
Kako odrediti dinamiku mjerenja?),

Kontrola i znacaj industrijskih procesa koji ne podlijezu legislativi Republike Hrvatske (npr.
postrojenja koja emitiraju emisiju oneciscujucih tvari manju od propisanog masenog protoka.
I ovdje se postavlja pitanje kontrole u slucaju poveéanja proizvodnje.), te

Najcesci problemi vilasnika postrojenja jesu tumacenje i udovoljavanje granic¢nih vrijednosti
fugitivnih emisija hlapivih organskih spojeva (HOS-eva)

Svrha je ukazati na utjecaj i znacaj razlicitih industrijskih procesa na emisiju oneciséujucih tvari u
zrak u odnosu na ucestalost mjerenja. Takoder, Zeli omoguciti bolji uvid u koristenu opremu za
smanjenje emisija te samu kontrolu istih.

'METROALFA d.o.0., Zagreb, HRVATSKA
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APPLICATION AND LEGAL ISSUES IN THE REPUBLIC OF
CROATIA RELATING TO MEASUREMENTS OF
POLLUTANT EMISSIONS INTO THE AIR FROM

STATIONARY SOURCES

Keywords: legislation, problems, industrial processes, emissions, equipment to reduce emissions

During multi-annual measurements of air pollutants emissions from stationary sources, we came
across many issues with legislation in the Republic of Croatia related to the measurement of emis-
sions of air pollutants from stationary sources.

This paper presents the problems that stationary source owners (such as industrial facilities), as well
as laboratories for emissions measurements, encounter in interpreting, monitoring and evaluating
air pollutants emission.

The following are some of the most important issues stemming from Croatian legislation:

1. Frequency of measurements for facilities not obliged to adhere to the special regulation on
integrated environmental protection requirements (e.g., facilities with filters for reducing dust
substances are not obligated to perform measurements if the proportion between the mass flow
emitted and the limit mass flow is less than 0.5. This raises the question regarding the control
of such facilities),

2. Non-compliance with emission limit values (ELVs) for facilities obliged to adhere to the Regu-
lation and special regulation on integrated environmental protection requirements (e.g., emis-
sions from a stationary source do not comply with the prescribed ELV). How to determine dy-
namics of measurements?);

3. Control and significance of industrial processes not subject to the legislation of the Republic of
Croatia (e.g. facilities that emit pollutant emissions lower than the stipulated mass flow). This
raises the question of control in cases of increased production;

4. The most common issues facility owners encounter are the interpretation and compliance with
limit values for fugitive emissions.

The purpose was to point to the influence and significance of different industrial processes on the
emission of pollutants in relation to the frequency of measurement. The aim was also to provide bet-
ter insight into the equipment used to reduce emissions and ultimately control them.

" METROALFA d.o.0., Zagreb, HRVATSKA
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STO JE NOVO U EN14181:2014

Kljucéne rijeci: automatski mjerni sustavi, osiguranje kvalitete i kontrola kvalitetne, QA/QC za AMS

Pracenje emisija u zrak (monitoring) ukljuceno je u novu direktivu o industrijskim emisijama (IED)
Europske unije. Prema IED i nacionalnom zakonodavstvu potrebno je pracenje uskladenosti emisi-
Jja razlicitih onecisc¢ujucih tvari. Za potvrdu kvalitete podataka, kako bi se povecalo povjerenje
Javnosti, koriste se postupci za osiguranje kvalitete (QA): standardne metode mjerenja, certificiranje
instrumenata, certificiranje osoblja i akreditacija laboratorija. Za trajno ugradene automatske
mjerne sustave (AMS) na velikim izvorima oneciscenja IED zahtijeva se osiguranje kvalitete (QA) u
skladu s Europskom normom EN 14181, odnosno, ugradnja i rad automatskog mjernog sustava za
kontinuirano mjerenje predmet je redne kontrole i godisnjeg nadzora. Vazan dio kontinuiranog
pracenja je osiguranje kvalitete i kontrola kvalitete (QA/QC) ugradenih AMS prema EN 14181,
koja trazi, da se s paralelnim mjerenjima izvodi umjeravanje i provjera ugradenih AMS. Norma EN
14181 predstavija novi pristup osiguranja kvalitete AMS i provodi se kroz tri razine osiguravanja
kvalitete (QAL): QALI - AMS je pogodan za primjenu, QAL2 - provjera kvalitete mjerenja svakog
pojedinoga ugradenog AMS, QAL3 - provjera kvalitete mjerenja tijekom kontinuiranog rada, kao i
kroz dodatnu cetvrtu razinu redovitog godisnjeg nadzora (AST- annual surveillance test) AMS u
cilju provjere performansi, maksimalne propisane varijabilnosti i kalibracijske funkcije AMS. Prvo
izdanje europske norme EN 14181 objavijeno je 2004. godine. Postojece razine kvalitete AMS u
mnogima zemljama clanicama Europske unije su pokazale, da je za Siroku primjenu EN 14181 po-
trebno dodatno objasnjenje. 2010. godine objavljeno je tehnicko izvjes¢e CEN/TR 15983 Smjernice
za primjenu EN 14181:2004 uz dodatna pojasnjenja dobivena u prvim godinama primjene EN 14181.
Iste godine tehnicki odbor CEN/TC 264 predlozZio je reviziju EN 14181:2004., odnosno reviziju
materijalnih aspekata tih smjernica. Do kraja 2012. godine je odgovarajuc¢a CEN/TC radna skupina
pripremila prijedlog revidiranje norme EN 14181, te predana u javnu raspravu. Nakon prispjelih
komentara i revidirane verzije konacni prijedlog norme je do kraja 2013. godine ponovno podnesen
CEN/TC na glasanje. Revidirana (dopunjena) verzija norme EN 14181:2014 vec je objavljena.

'RACI d.o.0., Tehnoloski park 24, SI-1000 LJUBLJANA, SLOVENIJA
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WHAT IS NEW IN EN14181:2014

Keywords: automated measuring systems, quality assurance and quality control, Q4/QC of AMS

Monitoring is included in the new European Union Industrial Emissions Directive (IED). According
to the IED (and national legislation), the compliance monitoring of different pollutants is a require-
ment. To confirm the quality of data and thus increase public confidence, appropriate quality assur-
ance (QA) procedures (standard methods of measurements, certification of instruments, certification
of personnel and accredited laboratories) are to be used. For permanently installed automated
measuring systems (AMS) at large pollution sources, IED requires QA, i.e. that the installation and
functioning of the automated monitoring equipment shall be subject to regular control and annual
surveillance tests (supervision). This QA is performed in accordance with the European standard
EN 14181. So an important part of continuous monitoring is quality assurance and quality control
(QA/QC) of installed AMS according to EN 14181, performed for calibration and verification of
installed AMS with parallel measurements. Standard EN 14181 represents a new approach to AMS
quality assurance. It specifies three so-called quality assurance levels (QALs) as well as an addi-
tional fourth level of regular annual surveillance testing (AST): QALI — the AMS is suitable for the
application; QAL2 — verification of the measurement quality of the individual installed AMS; QAL3
— verification of the measurement quality during continuous operation, and AST — annual check of
AMS, the performance, variability and calibration function remain valid. The first edition of Euro-
pean standard EN 14181 was published in 2004. The existing quality level of AMS in many Euro-
pean Member States has shown that further explanation is needed for a broad application of EN
14181. Therefore, in 2010, the technical report CEN/TR 15983 Guidance on application of EN
14181:2004 was published, with additional explanations gained in the first years of the application
of EN 14181. In 2010, the CEN/TC 264 held that the material aspects of these guidelines should be
addressed in a revision of EN 14181. At the end of 2012, the corresponding CEN/TC working group
presented a draft revised EN 14181 to the public for comments. The comments received were taken
into consideration in preparing the revised and final draft that was again submitted to the CEN/TC
forvoting at the end of 2013. The revised (amended) version of the EN 14181:2014 is now published.

'RACI d.o.0., Tehnoloski park 24, SI-1000 LJUBLJANA, SLOVENIJA
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UTJECAJ PRIMJENE EKVIVALENCIJSKIH KOREKCIJSKIH
FUNKCIJA NA PREKORACENJA GRANICNIH VRIJEDNOSTI
ZA PM,, U DRZAVNOJ MREZI ZA PRACENJE KVALITETE
ZRAKA

Kljucéne rijeci: lebdece Cestice PM,,, ne-referentne metode, studije ekvivalencije, kvaliteta zraka

Na gradskim postajama Drzavne mreze za pracenje kvalitete zraka (DM), postavljen je veliki broj
uredaja za automatsko odredivanje koncentracija PM , frakcije lebdecih cestica. Navedeni uredaji
rade na principu ne-referentne metode atenuacije beta zracenja (BAM)

Sukladno propisima, za mjerenja ne-referentnim metodama potrebno je provesti studije ekvivalen-
cije u svrhu odredivanja stupanja ekvivalencije ne referentne metode s referentnom metodom. Re-
zultat ovakvih studija su sezonske ili godisnje korekcijske funkcije pomocu kojih se korigiraju rezul-
tati mjerenja odredeni ne-referentnom metodom. Rezultati, korigirani iskljuc¢ivo na ovaj nacin,
smiju se koristiti za izvjeStavanje o kvaliteti zraka, odnosno za njegovu kategorizaciju.

Cilj ovog istrazivanja je procijeniti utjecaj korekcije rezultata mjerenja s gradskih postaja DM na
broj prekoracenja 24-satne granicne vrijednosti (GV) i iznos srednje godisnje vrijednosti za PM,,
frakciju lebdecih cestice te samim tim i na kategorizaciju kvalitete zraka. Tijekom istrazivanja kori-
Steni su podatci iz studije ekvivalencije za postaje DM ZG-1 i SK-1 objavljenih 2013. od strane In-
stituta za medicinska istraZivanja i medicinu rada te godisnjim izvjeséima o pracenju kvalitete zraka
na DM za 2013. i 2014. godinu objavljenim od strane Ekonerga i Agencije za zastitu okolisa. 24-sat-
no usrednjene vrijednosti koncentracija s mjernih postaja ZG-1, ZG-2, ZG-3, OS-1i RI-2 korigirane
su pomocu sezonskih funkcija dobivenih studijom ekvivalencije na postaji ZG-1, a vrijednosti kon-
centracija s mjernih postaja SK-1i KT-1 pomocu sezonskih funkcija dobivenih studijom ekvivalen-
cije na postaji SK-1. Primjenom korekcije rezultata dobiven je visestruko veci (2 - 5 puta) broj
prekoracenja 24-satne GV od broja prekoracenja odredenih bez korekcije rezultata. U 2013. godini
prema nekorigiranim podatcima kvaliteta zraka bila je Il kategorije na dvije mjerne postaje, a u
2014. niti na jednoj mjernoj postaji. Nakon korekcije, kvaliteta zraka u 2013. i 2014. godini bila je
11 kategorije na Sest od sedam postaja. Medutim, na svim mjernim postajama, srednja godisnja
vrijednost bila je niza od godisnje GV bez obzira na korekciju.

Iz provedenog istrazivanja moze se zakljuciti da su vrijednosti koncentracija PM,, dobivene ne-re-
ferentnom metodom ateunacije beta zracenja na spomenutim postajama znatno podcijenjene, $to je
za posljedicu imalo neadekvatnu kategorizaciju zraka na gotovo svim postajama. Ovo potvrduje
nuznost korekcije rezultata mjerenja dobivenih ne-referentnom metodom i potrebu izvodenja studija
ekvivalencije na svim postajama DM.

'EKONERG-Institut za energetiku i zastitu okolisa, 10 000 Zagreb, Koranska 5, Hrvatska
2 Agencija za zastitu okolisa, 10 000 Zagreb, Trg marsala Tita 8, Hrvatska
3 Institut za medicinska istrazivanja i medicinu rada Ksaverska cesta 2, Zagreb, Hrvatska
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INFLUENCE OF EQUIVALENCE CORRECTION FUNCTIONS
ON EXCEEDING PM,, LIMIT VALUES IN THE CROATIAN
STATE AIR QUALITY NETWORK

Keywords: power company, carbon dioxide, emission trading system

A number of automatic PM ,, monitors have been installed on urban air quality measuring sites (MS)
of the Croatian State air quality network (SN), all of which rely on the non-referent beta attenuation
method (BAM). In order to comply with regulations, equivalence tests should be performed to estab-
lish the equivalency of non-referent with referent methods. The final results of the mentioned tests
are annual and seasonal correction functions are to be used for corrections of 24-hour averaged
measurements with automatic analyzers. All of the results must be corrected before reporting and
air quality assessment.

The main goal of this investigation was to estimate the influence of corrected results on air quality
assessments done by the number of PM,, 24-hour limit value (LV) exceedances as well as on the
vearly limit value exceedance. We used data from equivalency studies on MS ZG-1 and SK-1 published
in 2013 by the Institute for Medical Research and Occupational Health and official annual air qual-
ity reports from the SN for 2013 and 2014 published by the Croatian Environment Agency and
Ekonerg. Values of 24-hours average concentrations from MS ZG-1, ZG-2, ZG-3, OS-1 and RI-2
were corrected with seasonal correction functions obtained from ZG-1 equivalence studies, while
those from SK-1 and KT-1 were corrected with seasonal correction functions from equivalence stud-
ies for SK-1. The number of exceedances of the 24-hour LV of corrected results was much higher
(2-5 times) than that of non-corrected. In 2013 using uncorrected data, air quality was assessed as
unsatisfactory on 2 MS and in 2014 air quality was satisfactory on all MS. After correction, air qual-
ity was assessed as unsatisfactory on 6 (out of 7) MS for both years. Yearly LVs were not exceeded
with or without correction.

We can conclude that concentrations of PM,, obtained with non-referent methods during 2013 and
2014 were significantly underestimated and that during this period, air quality was incorrectly as-
sessed on almost all urban MS in SN. Our investigation also raises the question of correcting his-
toric data and confirms the need for equivalence tests on all of the MS using non-referent methods.

" EKONERG-Energy and Environment Protection Institute, 10000 Zagreb Koranska 5, Croatia
2 Croatian environment agency, 10 000 Zagreb, Trg marsala Tita 8, Croatia
3 Institute for Medical Research and Occupational Health Ksaverska cesta 2, Zagreb, Croatia
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EU ETSIISKUSTVA U VERIFIKACIJI EMISIJA
STAKLENICKIH PLINOVA

Kljuéne rijeci: EU ETS, pracenje, izvjescéivanje, verifikacija

Opisan je tijek aktivnosti pracenja, izvjescéivanja i iskustva verifikacije emisija staklenickih plinova
u trecoj fazi trgovanja 2013.-2020 .godine. EU Emissions Trading System (EU ETS) je medunarod-
ni sustav za trgovanje emisijama staklenickih plinova u Europskoj Uniji a uspostavljen je Direktivom
2003/87/EZ s ciljem omogucavanja gospodarskim subjektima smanjenje emisija staklenickih plino-
va provedbom troskovno ucinkovitih mjera. Sudionici EU ETS u Republici Hrvatskoj su: nadlezno
tijelo (Ministarstvo zastite okolisa i prirode, MZOIP), Agencija za zastitu okolisa (AZO) kao dio
nadleznog tijela, nacionalno akreditacijsko tijelo (Hrvatska akreditacijska agencija, HAA), opera-
teri i verifikatori. Tijekom kalendarske godine operator postrojenja temeljem dozvole za emisije
prati svoje emisije u skladu s odobrenim planom pracenja i Uredbom o pracenju u izvjescivanju
2012/601/EZ. Na kraju kalendarske godine operater izraduje izvjesce o emisijama. Temeljem Zako-
na o zastiti zraka i Uredbe 2012/601/EZ operateri postrojenja obavezni su dostaviti Izvjesée o
emisijama i Izvjesce o verifikaciji u AZO do 1. oZujka tekuce godine za proteklu kalendarsku godinu.
Izvjesce operatera mora verificirati tvrtka verifikator. Verifikator mora biti akreditiran, od strane
HAA, prema EN ISO 14065:2013 i prema Uredbi o akreditaciji i verifikaciji 2012/600/EZ. Verifika-
cija ukljucuje neovisnu procjenu provedbe plana pracenja i izvora podataka koji su koristeni za
prikupljanje i izradu izvjescéa operatera. Verifikacijsko misljenje mozZe biti: pozitivno, pozitivno s
komentarima i negativno. Verifikacija se obavlja sukladno zahtjevima Uredbe o akreditaciji i veri-
fikaciji 2012/600/EZ, a glavne faze verifikacijskog postupka su: predugovorna faza, strateska ana-
liza, analiza rizika, verifikacijski plan, procesna analiza, utvrdivanje netocnosti i nesukladnosti,
kompletiranje interne verifikacijske dokumentacije, izrada verifikacijskog izvjestaja, neovisna revi-
zija, finaliziranje verifikacijskog izvjestaja, davanje preporuka i poboljsanja, unos i odobravanje
emisijskih jedinica u registar unije. Dosadasnja iskustva iz verifikacija upucuju na slijedeca odstu-
panja u odnosu na pravila o pracenju i izvjescéivanju: utvrdivanje granica postrojenja, pravilna
primjena metodologije izracuna (standardna i materijalna bilanca), pravilna primjena razina toc-
nosti (pragovi nesigurnosti) za tokove izvora emisija, pravilna primjena postupaka izracuna mjerne
nesigurnosti, nepotpune analize rizika, nedovoljna ucestalost analiza goriva i materijala, analize
goriva i materijala u laboratorijima akreditiranim prema EN ISO/IEC 17025, nepotpuni planovi
uzorkovanja goriva i materijala, analize biomase.

Kroz ranija iskustva i dvogodisnje iskustvo verifikacija u trecoj fazi EU ETS primjetan je trend
prema potpunom usvajanju propisanih zahtijeva pracenja i izvjescivanja.

"Metroalfa d.o.o., Karlovacka cesta 4L, Zagreb
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EU ETS AND VERIFICATION EXPERIENCE OF
GREENHOUSE GAS EMISIONS

Keywords: EU ETS monitoring, reporting, verification

The aim was to describe the progress of monitoring and reporting as well as experiences in verifying
greenhouse gas emissions in the third phase of trading 2013-2020. The EU ETS (EU Emissions

Trading System) is an international system for trading greenhouse gas emissions in the European

Union established by Directive 2003/87/EC in order to allow economic operators reduce greenhouse
gas emissions by implementing cost-effective measures. The participants in the EU ETS in Croatia

are: the competent authority (Ministry of Environmental and Nature Protection), the Croatian En-

vironmental Protection Agency, the Croatian Accreditation Agency, operators and verifiers. During
the year, operators of installations monitor emissions on the basis of a permit and in accordance
with the approved monitoring plan and the Regulation on monitoring reporting 2012/601/EC. At the
end of the year, the operator prepares a report on emissions. Pursuant to the Air Protection Act and
Regulation 2012/601/EC, operators of installations are required to submit a report on emissions and
one on the verification of the Croatian Environmental Protection Agency by 1 March of the current
year for the previous calendar year. The report of the operator must be verified by a verifier com-
pany. The verifier must be accredited by the Croatian Accreditation Agency, according to EN ISO
14065:2013 and the Regulation on accreditation and verification 2012/600/ EC. Verification includes
an independent assessment of the implementation of the monitoring plan and the data sources used
to collect and create the report. A verification opinion can be: positive, positive with comments or
negative. Verification is performed in accordance with the requirements of the Regulation 2012/600/
EC, and the main stages of the verification process are: pre-contractual phase, strategic analysis,

risk analysis, verification plan, process analysis, identification of misstatements and non-compliance,

completing the internal verification documentation, drafting a verification report, independent review,

finalizing the verification report, providing recommendations and improvements and approval of
allowances in the Union registry. Previous experiences in verification indicate departures from the
rules in monitoring and reporting: determining the boundaries of the installations, the proper ap-
plication of the calculation methodology (standard and material balance), the proper application of
the level of accuracy (uncertainty thresholds) for emission source streams, proper application pro-
cedures for calculated measurement uncertainty, incomplete risk analysis, insufficient frequency
analysis of fuel and materials, fuel and material analysis in laboratories accredited according to EN
ISO/IEC 17025, incomplete sampling plans for fuels and materials, analysis of biomass.

Through past experiences and two years of experience in the verification of the third phase of EU
ETS, a trend toward the full adoption of prescribed requires monitoring and reporting has been
noted.

"Metroalfa d.o.o., Karlovacka cesta 4L, Zagreb
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PRACENJE EMISIJE HLAPIVIH ORGANSKIH SPOJEVA 1Z
POSTROJENJA ZA REKUPERACIJU OTAPALA U
PODUZECU ALUFLEXPACK D.0.0., POGON UMAG

Kljucéne rijeci: organska otapala, hlapivi organski spojevi, rekuperacija otapala, emisije

U poduzecu Aluflexpack d.o.o. u Umagu proizvode se fleksibilne ambalaze za industriju. U procesi-
ma kao $to su bakrotisak, lakiranje, kasiranje i povrsinsko ciscenje koriste se velike kolicine organ-
skih otapala, uglavnom etil-acetata i manjim dijelom etanola.

Kako bi emisije hlapivih organskih spojeva zadovoljile granicne vrijednosti emisija (GVE) propisa-
ne Uredbom o grani¢nim vrijednostima emisija onecis¢ujucih tvari u zrak iz stacionarnih izvora
(Narodne novine br. 21/07), pristupilo se izgradnji postrojenja za rekuperaciju otapala koje je 201 1.
godine i zavrseno.

Postrojenje radi na principu adsorpcije otapala na aktivnom ugljenu, desorpcije pomocu dusika, te
destilacije. Od pocetka rada, na ispustu postrojenja provode se redovita godisnja mjerenja emisija
hlapivih organskih spojeva sukladno Uredbi o granicnim vrijednostima emisija oneciscujucih tvari
u zrak iz nepokretnih izvora (N.N. 117/2012), te RjesSenju o objedinjenim uvjetima zastite okolisa za
postrojenje Aluflexpack Novi d.o.o. (od 2014.).

Osim smanjivanja emisije hlapivih organskih spojeva, poduzece Aluflex d.o.o. Umag je izgradnjom
postrojenja za rekuperaciju postiglo je znatnu financijsku ustedu.

Prije izgradnje postrojenja za rekuperaciju otapala vrijednosti emisije na pojedinim nepokretnim
izvorima prelazile su 3000 mgC/m>. Izgradnjom postrojenja za rekuperaciju otapala 12 pojedinacnih
ispusta emisija je objedinjeno i sada postoji samo jedan ispust.

Mjerenjima utvrdene vrijednosti emisija u periodu 2011. — 2015. nisu prelazile granic¢ne vrijednosti
emisija (GVE) od 50 mgC/m’.

"Metroalfa d.o.o., Karlovacka cesta 4L, Zagreb
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MONITORING OF VOLATILE ORGANIC COMPOUNDS
FROM THE SOLVENT RECUPERATION PLANT IN
ALUFLEXPACK D.O.0., UMAG

Keywords: organic solvents, volatile organic compounds, solvent recovery, emissions

In the Umag plant of the Aluflexpack Company, flexible packaging is produced for industrial pur-
poses. During processes such as printing, varnishing, laminating and surface cleaning, great amo-
unts of organic solvents are used (mostly ethyl acetate, smaller amounts of ethanol).

To meet the regulatory emission limit values for pollution matter from stationary sources to air (OG
21/07), a construction of a solvent recovery plant was initiated and finished in 2011. The plant wor-
ks on the principle of solvent adsorption on active carbon, desorption with nitrogen and distillation.
Except reducing emissions of volatile organic compounds, the Company thus also achieved significant
financial savings.

As the solvent recovery plant started working, the emissions of volatile organic compounds from
stationary sources began being monitored. Before the construction of the plant, the emission values
on some of the stationary sources exceeded 3000 mgC/m’. After the construction, 12 stationary
sources were consolidated into a single one.

During the period 2011-2015, the measured emission values did not exceed the regulatory emission
value (GVE) of 50 mgC/m?>.

"Metroalfa d.o.o., Karlovacka cesta 4L, Zagreb
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PRACENJE EMISIJA CO, U TERMOENERGETSKIM
POSTROJENJIMA HEP-PROIZVODNJE D.O.O.

Kljucéne rijeci: emisije staklenickih plinova, EU-ETS, pracenje i verifikacija emisija CO,

lako Republika Hrvatska ima mali doprinos u emisiji staklenickih plinova s udjelom manjim od 0,1
% na globalnoj razini, donosSenjem Zakona o potvrdivanju Okvirne konvencije Ujedinjenih naroda
o promjeni klime i ratifikacijom Kyotskog protokola, svrstala se u krug zemalja koje su preuzele
obvezu smanjivanja emisija staklenickih plinova.

Najznacajniji instrument, odnosno mjera politike klimatskih promjena je uspostava Europskog su-
stava trgovanja emisijskim jedinicama staklenickih plinova (EU-ETS). Uspostavom EU-ETS-a (su-
kladno ETS Direktivi) omogucuje se provedba mjera gospodarskih subjekata obuhvacenih ETS-om
na troskovno ucinkovit nacin, a s ciljem izvr§enja obveza preuzetih Kyotskim protokolom.

U skladu s obvezama prema Kyotskom protokolu, Republika Hrvatska je ostvarila ciljeve za smanje-
nje emisija staklenickih plinova (u razdoblju od 2008. do 2012. godine na 95 % emisija bazne 1990.
godine). Prema NIR-u — National Inventory Report 2014, Croatian greeenhouse gas inventory for
the period 1990-2012, ukupne emisije staklenickih plinova u 2012. godini iznose 26.449,6 Gg CO,-
eq, $to je smanjenje za oko 17,3 % u odnosu na baznu 1990. godinu (31.977 Gg CO-eq).
Izgaranjem fosilnih goriva u termoenergetskim postrojenjima nastaje prije svega emisija CO,. Ter-
moenergetska postrojenja HEP-Proizvodnje d.o.o. svrstavaju se medu najznacajnije izvore emisije
CO, u Republici Hrvatskoj. Emisije CO, iz termoenergetskih postrojenja su 2007. godine iznosile
5.402.587 t, a 2014. godine 2.942.932 t. Smanjenje emisija staklenickih plinova je uzrokovano po-
vecanom proizvodnjom elektricne energije iz hidroenergetskih objekata, koristenjem vece kolicine
prirodnog plina u termoenergetskim postrojenjima, radom visokoucinkovitih kombi-kogeneracijskih
elektrana, ali i uvozom elektricne energije.

Termoenergetska postrojenja HEP-Proizvodnje d.o.o. ukljucena su u EU-ETS od 01. sijecnja 2013.
godine. Obveze termoenergetskih postrojenja koje proizlaze iz ukljucivanja u EU-ETS propisane su
Zakonom o zastiti zraka (NN 130/11, NN 47/14) i Pravilnikom o pracenju, izvjeséivanju i verifika-
ciji izvjesca o emisijama staklenickih plinova iz postrojenja i zrakoplova u razdoblju koje zapocinje
1. sijecnja 2013. godine (NN 77/13). Obveze ukljucuju ishodenje dozvole za emisije staklenickih
plinova, otvaranje korisnickih racuna u Registru EU, te godisnje pracenje emisija, izvjescivanje i
verifikaciju izvjeséa o emisijama staklenickih plinova i predaju emisijskih jedinica u Registar u
iznosu koji odgovara verificiranoj ukupnoj emisiji staklenickih plinova iz postrojenja.

Postrojenja su izradila planove pracenja emisija staklenic¢kih plinova koji sadrze metodologiju izra-
Cuna emisija nastalih izgaranjem fosilnih goriva te ishodila dozvole o emisijama staklenickih plino-
va. Razvijena je intranet aplikaciju koja olaksava pracenje i izvjescivanje o emisijama staklenickih
plinova, te verifikaciju izvjesca o emisijama.

' HEP-Proizvodnja d.o.o., Termoelektrana Sisak, Ulica brace Bobetko 40, Sisak
2 HEP-Proizvodnja d.o.0., Ulica grada Vukovara 37, Zagreb
3 HEP d.d., Ulica grada Vukovara 37, Zagreb
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MONITORING OF CO, EMISSIONS IN THERMAL POWER
PLANTS OF HEP-PROIZVODNJA D.O.O.

Keywords: greenhouse gas emissions, the EU-ETS, monitoring and verification of CO, emissions

Although Croatia’s contribution to greenhouse gas emissions is small (less than 0.1 % at global
level), with the adoption of the Act on the United Nations Convention on Climate Change and the
ratification of the Kyoto Protocol, Croatia assumed the obligation to reduce greenhouse gases.
The most important instrument or measure of climate change policy is the establishment of the EU-
Emission Trading System (EU-ETS). The establishment of the EU-ETS (according to the ETS Direc-
tive) implies implementation measures for operators covered by the ETS in a cost-effective manner,
with the aim of fulfilling obligations assumed under the Kyoto Protocol.

In line with the Kyoto Protocol, Croatia has achieved the objectives of greenhouse gas emission
reduction (from 2008 to 2012 at 95 % of emissions in the base year 1990). According to the NIR -
National Inventory Report 2014, Croatian greeenhouse gas inventory for the period 1990-2012,
total greenhouse gas emissions in 2012 were 26 449.6 Gg CO,-eq, which is a decrease of approxi-
mately 17.3 % compared to the base year (31 977 Gg CO,-eq).

Fossil fuel combustion in thermal power plants produces primarily CO, emissions. Thermal power
plants of the HEP-Proizvodnja Company are among the most important sources of CO, emissions
in Croatia. CO, emissions from these thermal power plants were 5 402 587 t and 2 942 932 t in
2007 and in 2014, respectively. The reduction of greenhouse gas emissions was due to the increased
production of electricity from hydro power plants, use of larger amounts of natural gas in thermal
power plants, high performance combined-cogeneration power plants, and electricity import.

The thermal power plants of the HEP-Proizvodnja Company have been included in the EU-ETS since
01 January 2013. The commitments resulting from this inclusion are regulated by the Air Protection
Act (OG 130/11, OG 47/14) and the Regulations on monitoring, reporting and verification of reports
on greenhouse gas emissions from installations and aircraft in the period starting from 1 January
2013 (OG 77/13). The commitments include obtaining permits for greenhouse gas emissions, creat-
ing user accounts in the Registry system, as well as annual emissions monitoring, reporting and
verification of reports on greenhouse gas emissions, and submitting allowances in the Registry
system on the amount corresponding to the verified annual emissions.

Power plants have developed monitoring plans with methodologies for calculating emissions re-
lated to the combustion of fuels and obtained permits for greenhouse gas emissions. Furthermore,
an intranet application that facilitates the monitoring and reporting of greenhouse gas emissions, as
well as the verification of emission reports has been developed.

! HEP-Proizvodnja d.o.o., Termoelektrana Sisak, Ulica brace Bobetko 40, Sisak
2 HEP-Proizvodnja d.o.0., Ulica grada Vukovara 37, Zagreb
3 HEP d.d., Ulica grada Vukovara 37, Zagreb
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AEROBIOLOGIJA U HRVATSKOJ

Kljucéne rijeci: aerobiologija, polen monitoring, peludni calendar

Aerobiologija je interdisciplinarna znanost koja proucava pasivni transport organizama i Cestica
bioloskog podrijetla u atmosferi. Pelud u zraku najsnazniji je prirodni aeroalergen i najcesci uzroc-
nik alergijskih bolesti disnog sustava. Prva istrazivanja distribucije alergenog peluda u zraku na
nasim prostorima datiraju iz 1959. godine, a provodila su se uporabom gravimetrijske metode na
Cetiri lokacije: u Zagrebu, Hvaru, Crikvenici i Dubrovniku. Objektivizacijom problema, pogotovo
vezanog uz korovnu biljku ambroziju c¢ija pelud je jedan od najjacih alergena danasnjice, 2001. u
Hrvatskoj je organizirano i moderno volumetrijsko uzorkovanje peluda u zraku pocelo osnivanjem
nevladine Udruge za borbu protiv alergijskih bolesti u Osijeku. Na inicijativu Gradskog poglavarstva,
Plive d.d., PMF Sveucilista u Zagrebu i Nastavnog zavoda za javno zdravstvo “Dr. Andrija Stampar”
2002. zapocinje polen monitoring na Cetiri mjerne postaje: dvije u Zagrebu, te u Ivani¢ Gradu i
Samoboru. Nedugo nakon pokretanja monitoringa u navedenim gradovima i ostali gradovi prepo-
znaju potrebu ovakvih istrazivanja. U razdoblju od 2002. do 2005. uspostavljena je mreza mjernih
postaja za monitoring peludi. Danasnju mrezu cini devetnaest mjernih postaja diljem zemlje, a
monitoring provode zavodi za javno zdravstvo u Osijeku, Dakovu, Belom Manastiru, NasSicama,
Varazdinu, Bjelovaru, Zadru, Rijeci, Puli, Dubrovniku, Metkovic¢u, Slavonskom Brodu, Virovitici,
Slatini, Splitu, Sisku, Kutini, Karlovcu i Koprivnici. Pocetkom 2003. zapoceo je bilateralni projekt
,, Continental Slovenia and Croatia as a common information area for aeropalinological researches
s ciljem objedinjavanja aerobioloskih podataka iz slicnih klimatsko-fitogeografskih podrucja konti-
nentalnih dijelova Hrvatske i Slovenije. Od 2003. do danas Hrvatska je punopravna ¢lanica europ-
skih aerobioloskih asocijacija European Aeroallergen Network (EAN), European pollen information
(EPI), European Aerobiology Society (EAS) i International Association for Aerobiology (IAA). Pod
pokroviteljstvom EAS-a i CEN/TC sudjeluje u kontroli kvalitete i izradi norme aerobioloskih istra-
zivanja. Hrvatska se prikljucuje EU COST Akciji ES0603 “Assessment of production, release, dis-
tribution and health impact of allergenic pollen in Europe (EUPOL)” i COST FA1203 ,,Sustainable
management of Ambrosia artemisiifolia in Europe (SMARTER) “ gdje NZZJZ ,, Dr. Andrija Stampar*
ima ulogu Nacionalnog COST koordinatora za Hrvatsku. Rezultati svakodnevnih istraZivanja objav-
ljuju se u obliku dnevnih alergijskih semafora i peludne prognoze na domacim i medunarodnim
portalima i u medijima, izradeni su peludni kalendari odredenih podrudja te su publicirani brojni
strucni i znanstveni radovi.

! Nastavni zavod za javno zdravstvo ,,Dr. Andrija Stampar*, Mirogojska 16, 10 000 Zagreb
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AEROBIOLOGY IN CROATIA

Keywords: aerobiology, pollen monitoring, pollen calendars

Aerobiology is an interdisciplinary study of the passive transport of organisms and particles of bio-
logical origin into the atmosphere. Air pollen is the most aggressive aeroallergen and the most
common cause of respiratory allergies. The first studies on the distribution of allergenic pollen in
the air in this region date back to 1959 and were carried out by using the gravimetric method at four
locations: Zagreb, Hvar, Krk and Dubrovnik. In the last several decades, one of the most aggressive
pollen is the common ragweed and in 2001 a non-governmental organization to combat allergies
was established in the city of Osijek, within which organized and modern volumetric sampling of
pollen in the air began. At the initiative of the City Council, Pliva d.d., the Zagreb Faculty of Scien-
ce, University of Zagreb and the Andrija Stampar Teaching Institute of Public Health in 2002, these
measurements also began in Zagreb, Ivani¢ Grad and Samobor. Shortly after, other cities also re-
cognized the need for such monitoring. In the period from 2002 to 2005, a network of monitoring
stations was established. The present network consists of nineteen monitoring stations across the
country where measurements are conducted by the Institutes of Public Health in Osijek, Dakovo,
Beli Manastir, Nasice, Varazdin, Bjelovar, Zadar, Rijeka, Pula, Dubrovnik, Metkovic, Slavonski
Brod, Virovitica, Slatina, Split, Sisak, Kutina, Karlovac and Koprivnica. In 2003, the bilateral pro-
ject “Continental Slovenia and Croatia as a common information area for aeropalinological rese-
arches” was started to consolidate aerobiological data from similar climactic and phytogeographic
areas of Croatia and Slovenia. Since 2003, Croatia has been a full member of the European Aero-
allergen Network (EAN), European Pollen Information (EPI), the European Aerobiology Society
(EAS) and the International Association for Aerobiology (IAA). Under the patronage of the EAS and
CEN/TC, Croatia also participates in suggesting quality standards and quality control. Croatia also
joined the EU COST Action ES0603 “Assessment of production, release, distribution and health
impact of allergenic pollen in Europe (EUPOL)” and COST FA1203 “Sustainable management of
Ambrosia artemisiifolia in Europe (SMARTER)” where our Institute participates as the National
COST Coordinator for Croatia. Results of research are published daily in the form of pollen forecast
at national and international portals and the media, as well as in the form of pollen calendars of
certain areas and published scientific papers.

! Andrija Stampar Teaching Institute of Public Health, Mirogojska 16, 10 000 Zagreb
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BIOMONITORING MAHOVINAMA
U HRVATSKOJ 2005.-2015.

Kljuéne rijeci: oneciscéenje zraka, mahovina, biomonitoring

Po treci puta zaredom Hrvatska u 2015. godini sudjeluje u zajednic¢kim istraZivanjima i provedbi
biomonitoringa mahovinama u okviru Medunarodnog Programa suradnje na proucavanju ucinaka
oneciscenja zraka na prirodnu vegetaciju i usjeve (UNECE ICP Vegetation), http://icpvegetation.
ceh.ac.uk.

Uzorci mahovina prikupljeni su tijekom 2015. na lokacijama koje su bile ravnomjerno rasporedene
po cijeloj Hrvatskoj s dodatnim uzorcima u velikim urbanim/industrijskim podrucjima.
Koncentracija elemenata u mahovinama odredena je koristenjem NAA, ICP-AES i AAS.

Na temelju rezultata mjerenja priredene su karte prostorne i vremenske raspodjele oneciscenja
zraka u Hrvatskoj.

" OIKON - Institut za primijenjenu ekologiju, Trg senjskih uskoka 1-2, 10020 Zagreb, Croatia
2 Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University, Skopje,
Macedonia
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BIOMONITORING WITH MOSS IN CROATIA 2005-2015

Keywords: air pollution, moss, biomonitoring

For the third consecutive time, Croatia will during 2015 participate in joint research and implemen-
tation of biomonitoring by moss within the framework of the International Cooperative Programme
for the study of the effects of air pollution on natural vegetation and crops (UNECE ICP Vegetation),
http://icpvegetation.ceh.ac.uk.

Moss samples were collected at locations evenly distributed across the country, with additional
samples in large urban/industrial areas. The concentration of elements in mosses was determined
using NAA, ICP-AES and AAS. Based on the results, maps showing the spatial and temporal distri-
bution of air pollution in Croatia were prepared.

"' OIKON - Institut za primijenjenu ekologiju, Trg senjskih uskoka 1-2, 10020 Zagreb, Croatia
2 Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University, Skopje,
Macedonia
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DINAMIKA PELUDI PORODICE CEMPRESA/TISA
(CUPRESSACEAE/ TAXACEAE) U KONTINENTALNOJ 1
MEDITERANSKOJ HRVATSKOJ

Kljuéne rijedi: aerobiologija, Cupressaceae/Taxaceae, Zagreb, Zadar

Pelud iz porodice cempresa/tisa (Cupressaceae/Taxaceae) spada u skupinu umjereno do visoko
alergenih peludnih zrnaca. Na podrucju grada Zagreba vecinu stabala iz porodice cempresa/tisa
nalazimo u okviru hortikulturnih nasada dok su na podrucju grada Zadra stabla iz porodice cem-
presa/tisa prisutna u velikom broju kako u samom urbanom podrucju tako i u njegovoj okolici. Zagreb
Je smjesten na krajnjem jugozapadnom dijelu Panonske nizine, najveci je hrvatski grad i ¢ini najve-
c¢u urbanu regiju. Udaljen je 170 km od Jadranskog mora. Grad Zadar je smjesten u sredisnjem
dijelu istocne obale Jadranskog mora i predstavlja urbano srediste Sjeverne Dalmacije, a karakte-
rizira ga blaga mediteranska klima.

Svrha istrazivanja je utvrditi slicnosti/razlicitosti u obiljezjima peludnih sezona porodice Cupressa-
ceae/Taxaceae. Odredit ce se pocetak i kraj glavne peludne sezone, duljina trajanja glavne peludne
sezone, datum maksimalne vrijednosti koncentracije te udio dana s visokim koncentracijama na
podrucju oba geografsko-klimatoloski razlicita podrucja (podrucje grada Zagreba i grada Zadra).
Aerobioloski uzorci prikupljeni su automatskim sedmodnevnim volumetrijskim uzorkivacem tipa Hirst
na mjernim postajama u Zagrebu (postaja Siget-jug) i Zadru u razdoblju od 2007. do 2009. godine.
Kvantitativne i kvalitativne analize su provedene na temelju preporuka EAN/REA (Zagreb/Zadar) i
akreditirane viastite metode (Zagreb).

Dobiveni rezultati pokazuju znacajne razlike u duljini trajanja glavne peludne sezone na ispitivanim
podrucjima, ukupnoj koncentraciji peludnih zrnaca te udjelima dana s visokim koncentracijama ti-
Jekom ispitivanog razdoblja. Rezultati dobiveni ovim istrazivanjem posluzit ce u preventivne alergo-
loske i javnozdravstvene svrhe. Prikazani rezultati takoder predstavljaju okosnicu za daljnja sustav-
na aerobioloSka ispitivanja koja ukljucuju utjecaj meteoroloskih parametara na sezonsku dinamiku
peludnih zrnaca iz porodice cempresa/tisa (Cupressaceae/Taxaceae) na oba ispitivana podrucja.

!'Sluzba za zdravstvenu ekologiju, Zavod za javno zdravstvo Zadar, Kolovare 2, Zadar, Hrvatska

2Sluzba za zastitu okolisa i zdravstvenu ekologiju, Nastavni zavod za javno zdravstvo “Dr. Andrija Stampar”, Miro-
gojska 16, Zagreb, Hrvatska

3 Bioloski odsjek, Prirodoslovno- matematicki fakultet, Sveuciliste u Zagrebu, Rooseveltov trg 6, Zagreb, Hrvatska
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CUPRESSACEAE/TAXACEAE POLLEN DYNAMICS IN
CONTINENTAL AND MEDITERRANEAN PART OF CROATIA

Keywords: Aerobiology, Cupressaceae/Taxaceae, Zagreb, Zadar, Croatia

Pollen from the cypress/yew family (Cupressaceae/Taxaceae) is moderate to high allergenic pollen
grains that can have a negative effect on human health. In the Zagreb area, most cypress/yew trees
(family Cupressaceae/Taxaceae) are found in horticultural areas, while in the city of Zadar, cypress/
vew trees are largely present in the urban area and its surroundings. The City of Zagreb is situated
in the outermost southwestern part of the Pannonian Basin and is Croatia’s largest city and urban
region. It is located 170 km from the Adriatic Sea. The City of Zadar is located in the central part of
the eastern Adriatic coast and represents the urban center of northern Dalmatia, characterized by
a mild Mediterranean climate.

The purpose of this study was to determine differences in the characteristics of Cupressaceae/Taxa-
ceae main pollen season, determine the start and end of the main pollen season, length of the main
pollen season, the date with the maximum concentration values and share of days with high Cupres-
saceae/Taxaceae concentrations in both of these geographical and climatologically different areas.
Aerobiological samples were collected with a Hirst-type automatic seven-day volumetric sampler at
measuring stations in Zagreb (station Siget-south) and Zadar in the period from 2007 to 2009.
Quantitative and qualitative analyses were performed by standard methodology recommended by
EAN/REA (Zagreb/Zadar) and an accredited in-house method (Zagreb).

The results show significant differences in the length of the main pollen season in the studied areas,
the total concentration of pollen grains and share of days with high concentrations during the study
period. The results obtained in this study will be used in allergy prevention and public health pur-
poses and will be applied in further systematic aerobiological surveys that will also include the
impact of meteorological parameters on the seasonal dynamics of Cupressaceae/Taxaceae pollen
grains in both of the studied areas.

"Health Ecology Service, Public Health Institute Zadar, Kolovare 2, Zadar, Croatia

2Department of Environmental Protection and Health Ecology, Andrija Stampar Teaching Institute of Public Health,
Mirogojska 16, Zagreb, Croatia

3 Department of Biology, Faculty of Science, University of Zagreb, Rooseveltov trg 6, Zagreb, Croatia

47



DEVETI HRVATSKI
ZNANSTVENO-STRUCNI SKUP

ZASTITA ZRAKA 2015 3

Porec, 08.-12. rujna 2015. CAPPA

Vidovié¢ K., Orlovié-Leko P., i Godec R.?

DOPRINOS ATMOSFERSKOG ORGANSKOG I
ELEMENTARNOG UGLJIKA U STVARANJU CRNE KORE NA
KAMENOJ POVRSINI ZAGREBACKE KATEDRALE

Kljucéne rijeci: povijesni spomenici, atmosferski aerosoli, OC, EC

Atmosferski aerosoli emitiraju se iz razlicitih prirodnih i antropogenih izvora, direktno kao cestice
(primarni) ili nastaju od plinovitih prekursora (sekundarni). U Cesticnoj tvari u zraku, veliki udio
Cine organski i elementarni ugljik. U novije vrijeme, opsezna istrazivanja usredotocena su na njihov
doprinos oneciscenju zraka te na njihov utjecaj na zacrnjivanje povrsine kamenih spomenika. Ur-
bano oneciscenje zraka glavni je izvor propadanja graditeljske bastine. Tamne crne povrsine (crna
kora) na kulturno povijesnim spomenicima gradenim od kamena, predstavljaju fizicko i estetsko
oStecenje uzrokovano atmosferskim oneciséenjima. To su podrucja gdje se akumuliraju atmosferski
plinovi i aerosoli te produkti reakcija izmedu atmosfere i materijala. Pojavljuju se na mjestima koja
se vlaze kisom ali su zasticena (natkrivene) od intenzivnog ispiranja. Crna kora karakteristicno je
oStecenje vapnenca u urbanog okolisa.

U ovom radu, u uzorcima crne kore uzorkovanim na katedrali u Zagrebu, odredeni su: ukupni ugljik
(TC), ne-karbonatni ugljika (NCC), karbonatni ugljika (CC), elementarni ugljik (EC) i organski
ugljik (OC). Za kvantifikaciju TC, OC i EC koristena je metoda termalno-opticke transmisije (TOT).
Nasi podaci pokazuju da je organska frakcija (0,49-1,68%) veca od frakcije EC (0,03-0,1%,). Prema
literaturi, povecana frakcija OC u odnosu na EC utvrdena je i u aerosolima urbanih podrucja. Ele-
mentarni ugljik produkt je procesa nepotpunog izgaranja i dobar je pokazatelj aerosola, deponiranih
na povrsinama ili unutar oStecenja slojeva kamenih spomenika. Mjerenje OC je od temeljne vazno-
sti za procjenu doprinosa atmosferskog talozenja i utvrdivanje izvora oneciscenja koji su odgovorni
za formiranje ostecenih slojeva.

! Rudarsko-geolosko-naftni fakultet, Pierottijeva 6, Zagreb, Hrvatska
2 Institut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb, Hrvatska
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CONTRIBUTION OF ATMOSPHERIC CARBONACEOUS
AEROSOLS TO BLACK CRUST FORMATION ON THE
STONE SURFACES OF ZAGREB CATHEDRAL

Keywords: historical monuments, atmospheric aerosol, OC, EC

Atmospheric aerosols may be emitted directly as particles (primary) or formed from gaseous precur-
sors (secondary) from different natural and anthropogenic sources. Carbonaceous aerosol (or-
ganic carbon, OC, and elemental carbon, EC) make up a large fraction of air particulate matter. In
recent times, extensive research has been focused on the carbonaceous fraction of aerosols, mainly
on their contribution to air pollution and their influence on the stone monument surface soiling and
blackening. Urban air pollution is a major source of damage to architectural heritage. The so called
“black crust” represents the final and most significant step in the degenerative cycle of calcareous
building stones. This black layer develops on the external surfaces of stones which are protected
from rain water wash-out. The growth of black crust is the result of both the chemical transformation
or “sulphation” of the calcareous substratum and the deposition of airborne particles.
In this work, black crust samples, taken from the Zagreb Cathedral, were analyzed for total carbon
(TC), non-carbonate carbon (NCC), carbonate carbon (CC), elemental carbon (EC) and organic
carbon (OC) contents. For the quantification of the TC, OC and EC thermal optical transmission
(TOT) method was used. Our data show that organic fraction (0.49-1.68%) is higher than EC frac-
tion (0.03-0.1%). The obtained data are in agreement with those reported in the literature for urban
aerosols. Elemental carbon is almost exclusively a product of incompletely combustion processes
and is a good tracer for the combustion-generated aerosol, deposited on monument stone surfaces
and embedded within the damage layers. Measurement of OC is of fundamental importance for the
evaluation of the atmospheric deposition contribution and establishing the pollutant sources respon-
sible for the formation of the damaged layers.

! Faculty of Mining, Geology and Petroleum Engineering, Pierottijeva 6, Zagreb, Croatia
2 Institute for Medical Research and Occupational Health, Ksaverska cesta 2, Zagreb, Croatia
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ODNOS MASENIH KONCENTRACIJA U VODI TOPLJIVIH
KOMPONENTI U PM, ; FRAKCIJI LEBDECIH CESTICA U
ZRAKU ZAGREBA

Kljuéne rijeci: oneciscéenje zraka, anioni, kationi, ionska kromatografija

Prikazani su rezultati kontinuiranih mjerenja sadrzaja u vodi topljivih komponenti anioni (Cl, NO;y
, SO/, ) i kationi (Na*, NH,", K*, Mg**, Ca*') u PM,; frakciji lebdecih cestica u zraku Zagreba.
Odredene su razine masenih koncentracija, njihov medusobni odnos, sezonska ovisnost, njihov
ukupni doprinos masi Cestica te predikcija izvora mjerenih oneciscenja.

Uzorci Cestica sakupljani su na mjernoj postaji u sjevernom dijelu Zagreba tijekom 24-satnih raz-
doblja od 01. sijecnja 2014. do 31. prosinca 2014. godine. Uzorci su sakupljani sukladno normi HRN
EN 14907:2006 (EN 14907:2005). Masena koncentracija Cestica odredena je gravimetrijski suklad-
no zahtjevima norme, uporabom mikrovage Mettler Toledo MX 5. Sadrzaj u vodi topljivih kompo-
nenti aniona (CI, NOy, SO/, ) i kationa (Na*, NH,", K*, Mg**, Ca’*) u PM,; frakciji Cestica nakon
otapanja na ultrazvucnoj kupelji odreden je ionskom kromatografijom na uredaju Thermo Scientific
—ICS 5000 Capillary.

Razine masenih koncentracija PM,; frakcije cestica pokazuju znacajnu sezonsku ovisnost s visim
vrijednostima tijekom hladnog dijela godine. Za promatrano razdoblje mjerenja srednja godisnja
vrijednost masenih koncentracija PM, ; frakcije Cestica iznosila je 19,6 ug m’

Srednje godisnje vrijednosti masenih koncentracija za pojedini ion slijedile su niz SO/ > NOy >
NH,; > K*> Ca’* > Cl > Na* > Mg”*. Rezultati korelacije izmedu masenih koncentracija mjerenih
oneciséenja upucuju na doprinos vise izvora oneciscenja, a na Sto upucuju i rezultati faktorske ana-
lize kojom su utvrdena Cetiri faktora koji opisuju 95% varijance.

!nstitut za medicinska istrazivanja i medicinu rada, Zagreb, Ksaverska c. 2, HRVATSKA, mcackovic@imi.hr
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RELATIONSHIP BETWEEN MASS CONCENTRATIONS OF
WATER-SOLUBLE COMPONENTS IN PM, s PARTICLE
FRACTION IN ZAGREB AIR

Keywords: air pollution, anion species, cation species, ion chromatography

Daily PM, s samples were taken over a year 2014 in northern part of Zagreb air with moderate to
high traffic density. Samples were analysed for water-soluble anion species (Cl, NOy, SO/, ) and
cation species (Na*, NH,", K*, Mg**, Ca’"), to investigate the relationship between pollutant mass
concentrations, contribution of measured species to PM,; mass and prediction of the pollutant
sources. Mass concentrations of PM, s particle fraction were determined by gravimetry according to
the standard HRN EN 14907:2006 (EN 14907:2005). Water-soluble ionic species were analysed
using Thermo Scientific — ICS 5000 Capillary ion chromatography.

PM, s mass concentration was significantly influenced by the season, reaching their high values in
the winter. Annual average PM, ; mass concentration was 19.6 ug m’

The annual average ion mass concentrations followed the order SO/ > NO; > NH;” > K" > Ca’*
> CI > Na* > Mg®*. The prediction of the pollutant sources, we ran the principal component analy-
sis (PCA), which was performed using the STATISTICA 12.0 statistical packages. After varimax
rotation, four principal component factors were found to account for 95% of the variance. Factor
loadings > 0.7 were considered significant.

! Institute for Medical Research and Occupational Health, Zagreb, Ksaverska c. 2, Croatia, mcackovic@imi.hr
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MASENE KONCENTRACIJE POLICIKLICKIH
AROMATSKIH UGLJIKOVODIKA VEZANIH NA PM,
FRAKCIJU LEBDECIH CESTICA

Kljuéne rijeci: benzo(a)piren, HPLC, PAU, lebdece cestice

Policiklicki aromatski ugljikovodici (PAU) su organski spojevi koji se sastoje od medusobno spoje-
na dva ili vise aromatska prstena. Do danas je poznato vise od 500 PAU te su jedni od prvih spoje-
va koji su svrstani u karcinogene supstance. Medu njima najvise je proucavan benzo(a)piren (BaP)
koji se uzima kao predstavnik svih PAU. Za njega je dokazano da ima mutagena i karcinogena
svojstva. Danasnja istrazivanja, kako u svijetu tako i u Hrvatskoj, usmjerena su na prouc¢avanje PAU
vezanih na cestice aerodinamickog promjera manjeg od 10 um (PM,,), 2.5 um (PM,5) i 1 um (PM,).
Premda je zakonska regulativa usmjerena na BaP u PM,, frakciji, posebnu paznju treba posvetiti
Cesticama manjeg aerodinamickog promjera jer je dokazano da se takve Cestice duze zadrZavaju u
atmosferi, prodiru dublje u disni sustav covjeka te mogu imati Stetne ucinke na zdravlje ljudi. Izvori
policiklickih aromatskih ugljikovodika najcesce su povezani s ljudskom aktivnoscéu. U okolis mogu
dospjeti i prirodnim putem prilikom velikih sumskih pozara i vulkanskih erupcija. PAU takoder
nastaju tijekom brojnih industrijskih procesa (proizvodnja ugljena, sirove nafte, teskih i lakih meta-
la...) te spaljivanjem otpada i raznih plasticnih masa u nedopustenim i nekontroliranim uvjetima.
Ispusni plinovi automobila takoder mogu biti jedan od vaznih izvora PAU. Uz emisije automobila
kucna loZista se ubrajaju u glavne izvore PAU u naseljima, osobito ako se kao gorivo rabi drvo ili
ugljen.

Uzorci PM, frakcije lebdecih cestica sakupljani su tijekom godine dana (od sijecanja do prosinca
2011) prosisavanjem zraka na filtre od kvarcnih viakana. Mjerno mjesto nalazilo se u sjevernom
stambenom dijelu grada s umjerenom gustocom prometa. Do analize uzorci lebdecih Cestica su
pohranjeni u aluminijske folije u zamrzivacu na temperaturu od -18 °C. Analiza je provedena teku-
dinskom kromatografijom visoke djelotvornosti (HPLC) s fluorescentnim detektorom promjenjivih
valnih duljina ekscitacije i emisije. Odredivani su fluoranten (Flu), piren (Pir), benzo(a)antracen
(BaA), krizen (Kri), benzo(b)fluoranten (BbF), benzo(k)fluoranten (BkF), benzo(a)piren (BaP),
dibenzo(ah)antracen (DahA), benzo(ghi)perilen (BghiP), Indeno(1,2,3-cd)piren (IP). Masene kon-
centracije mjerenih PAU pokazuju sezonske varijacije s povisenim vrijednostima zimi i u jesen, te
nizim vrijednostima u proljece i ljeto. Srednja masena koncentracija BaP zimi iznosila je 1,554 ng/
m’, u proljece 0,202 ng/m’, ljeti 0,054 ng/m?, a u jesen 0,700 ng/m?. Srednja godisnja masena kon-
centracija BaP u PM, iznosila je 0,566 ng/m’. Masene koncentracije PAU u PM, podvrgnute su
faktorskoj analizi koja je izdvojila dva faktora u proljece (izdvojivsi Flu i Pir od ostalih PAU) dok
Jje za ostale sezone pronaden samo jedan faktor. Takoder je izracunat i udio pojedinih PAU u ukupno
analiziranim PAU te je jasno vidljivo da se tijekom zime i jeseni udio BaA, Kri, BbF, BaP povecava
dok se udio PAU karakteristicnih za promet (DahA, BghiP i IP) smanjuje.

Hnstitut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb, HRVATSKA
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MASS CONCENTRATIONS OF POLYCYCLIC AROMATIC
HYDROCARBONS BOUNDED ON PM, PARTICLE FRACTION

Keywords: benzo(a)pyrene, HPLC, PAH, particle fraction

Polycyclic aromatic hydrocarbons (PAH) are organic compounds that consist of two or more aro-
matic rings. More than 500 PAHs have been identified in the air and they were among the first pol-
lutants established as potential carcinogens. The most investigated PAH is benzo(a)pyrene (BaP),
which is considered a representative of the group. BaP has carcinogenic and mutagenic properties.
Today’s research, both worldwide and in Croatia, focuses on studying PAHs bound to particles with
an aerodynamic diameter of less than 10 um (PM,,), 2.5 um (PM, ;) and 1 um (PM,). Croatian leg-
islative is fundamentally based on BaP in PM,, but smaller fractions need to be included because
they have been shown to penetrate deeper into the human respiratory system. Many sources of PAHs
are commonly associated with human activity. Natural sources of polycyclic aromatic hydrocarbons
include large forest fires and volcanic eruptions. PAHs also stem from many industrial processes
(coal, crude oil, heavy and light metals, etc.) and can be formed by burning waste and various plas-
tics without control. Automobile exhausts can also be an important source of PAHs, as can domestic
heating furnaces, especially if they use wood or coal as fuel.

Samples of PM, particle fractions were collected on quartz filter during one year (January to De-
cember 2011). The measuring site was located in a residential part of Zagreb with medium traffic
density. The samples were kept frozen in aluminium foil at -18 ° C until HPLC analysis with fluores-
cence detection and changeable excitation and emission wavelength. Samples were analysed for the
following PAHSs: fluoranthene (Flu), pyrene (Pyr), benzo(a)anthracene (BaA), chrysene (Chry),
benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF), benzo(a)pyrene ( BaP), dibenzo(ah)an-
thracene (DahA), benzo(ghi)perylene (BghiP), and indeno(1,2,3-cd)pyrene (IP).

The mass concentrations of the measured PAHs show seasonal variations with the highest values in
winter and autumn and the lowest in spring and summer. The average mass concentration of BaP in
winter was 1.554 ng/m?, 0.202 ng/m? in spring, 0.054 ng/m? in summer and 0.700 ng/m’ in autumn.
The average mass concentration of BaP in PM, for the entire year was 0.566 ng/m’. PAH mass
concentrations in the form of 24-hour averages were also subjected to factor analysis in order to
define virtual variables that would describe their interdependence. For the spring period, two sig-
nificant factors were extracted (The first factor was Flu and Pyr, and the other factor were the re-
maining PAHs), but for other seasons only one factor was extracted.

The contribution of individual PAHs in total analyzed PAHs was also calculated and it is evident
that, during autumn and winter, the contribution of BaA, Chry, BbF and BaP increased, while the
contribution of PAHs characteristic for traffic (DahA, BghiP and IP) was reduced.

! Institute for Medical Research and Occupational Health, Ksaverska cesta 2, Zagreb, Croatia
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UTJECAJ REGIONALNOG POZADINSKOG ONECISCENJA
NA POJAVU POVISENIH KONCENTRACIJA PM,, U
ZAGREBU

Kljuéne rijeci: oneciscenje PM,, ruralno podrucje, urbano podrudje, sulfati, nitrati

Mjerenje koncentracija PM,, na mjernoj postaji “Ksaverska cesta” u Zagrebu provodi Institut za
medicinska istraZivanja vise od desetljeca. Prema podacima godisnjih izvjeséa (www.azo.hr/Godi-
snjilzvjestajOPracenju) prosjecne godisnje koncentracije kao i broj prekoracenja granicne vrijedno-
sti dnevnih koncentracija smanjivale su se tijekom godina. U ovom radu analizirani su podaci mjere-
nja u 2012. i 2013. godini (wwwl.zagreb.hr/kvzraka/index.htm). Mjerna postaja “Ksaverska cesta”
smjestena je u blizini glavne gradske prometnice. Unatoc¢ tome lokacija bi se mogla smatrati repre-
zentativnom glede gradskog pozadinskog oneciscenje cesticama u Zagrebu. Emisije cestovhog pro-
meta nisu dominantne s obzirom na gustocu naseljenosti, opterecenost prometnice, te zanemarivo
malog udjela teskih vozila kao i ¢injenice da nema prometnih zastoja. U 2012. i 2013. prosjecne go-
disnje koncentracije iznosile su redom, 27 ug/m* i 28 ug/m’, a broj prekoracenja iznosio je 36 i 42
dana. Najbliza ruralna pozadinska postaja Iskrba u Sloveniji koja je u sastavu EMEP-ove mreze za
pracenje pozadinskog oneciscenja zraka, nalazi se 100 km zapadno od Zagreba. Mjerenja na Iskrbi
provodi Agencija za zastitu okolisa Republike Slovenije (www.arso.gov.si/zrak/). Prosjecne godisnje
koncentracije PM,, na Iskrbi iznosile su redom 15 ug/m3 i 13 ug/m* u 2012. i 2013. godini. Prosjecne
mjesecne koncentracije PM,, na Iskrbi dosezale su cak 20 ug/m’, a zabiljeZen je slucaj prekoracenja
granicne vrijednosti dnevnih koncentracije PM,,.

Analiza dnevnih koncentracija PM , pokazala vecéu korelaciju podataka s Iskrbe i Zagreba u toplom
nego u hladnom dijelu godine. To ne cudi jer se u sezoni grijanja ocekuje nagli porast emisija lokal-
nih izvora. Prema katastru emisija Zagreba najznacajniji izvor emisije Cestica zimi su kucna loZista
koja koriste drva za ogrjev. Analiza vrijednosti koncentracija u danima kada su bile prekoracene
granicne vrijednosti dnevne koncentracije za PM,, u Zagrebu pokazala je slijedece: postoji jasna
korelacija povisenih koncentracija PM,, na Iskrbi i povisenih koncentracija sulfata u Zagreb dok isto
ne vrijedi za koncentracije nitrata izmjerene u Zagrebu. S obzirom da sulfati koji se mjere u PM,,
posljedica preko-granicnog transporta ne cudi da su koncentracije sulfata u Zagrebu posljedica re-
gionalnog oneciscenja koje biljezi postaja Iskrba. Pojava visokih koncentracija nitrata u Zagrebu
povezana je s niskim temperaturama zraka i slabim vjetrom $to su poznati meteoroloski uvjeti koji
pogoduju lokalnom stvaranju nitrata te ukazuju na utjecaj lokalnih izvora emisija NO,. Najvise zimske
koncentracije nitrata i sulfata iste su velicine, te su iznosile 20 ug/m3. Ukupne koncentracije sulfata
i nitrata zimi mogu ciniti cak 70 % iznosa granicne vrijednosti dnevne koncentracije PM,, $to ukazu-
Jje koliko je znacajna uloga sekundarnih cCestica u pojavi prekoracenja dnevnih koncentracija PM,, u
Zagreb.

! EKONERG, Koranska 5, Zagreb, Croatia
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IMPACT OF REGIONAL BACKGROUND ON ELEVATED
PM,, CONCENTRATIONS IN ZAGREB (CROATIA)

Keywords: urban PM,, pollution, sulfate, nitrate

Gravimetric measurements of PM ,, concentrations have been conducted at the “Ksaverska cesta”,
Zagreb for over a decade. According to annual reports (http://www.azo.hr/Reports04), the yearly
average concentrations as well the amount of daily exceedances have been decreasing. This paper
analyzes air pollution data for 2012 and 2013 (wwwl.zagreb.hr/kvzraka/index.htm). The “Ksaverska
cesta’” monitoring station is located close to the main street in a residential area, but can be consid-
ered representative for urban particle background air pollution in Zagreb. Road traffic is not con-
sidered to be a dominant PM,, emission source in that residential part of Zagreb because of the low
population and traffic intensity (compared to the rest of the city), low share of freight vehicles, and
absence of traffic congestions. In 2012 and 2013, the average annual PM,, concentrations were 27
ug/m? and 28 ug/m?, whereas the number of daily limit value exceedances was 36 and 42, respec-
tively. The nearest rural background monitoring station (Iskrba, Slovenia) is 100 km west from Zagreb
and is part of the European Monitoring and Evaluation Programme (EMEP). Measurements at
Iskrba are performed by the Slovenian Environment Agency (http://www.arso.gov.si/en/air/). The
annual mean PM,, concentrations at Iskrba station for 2012 and 2013 were 15 ug/m’* and 13 ug/m?,
respectively. Monthly PM,, concentrations at Iskrba reached 20 ug/m* and even exceedances of PM
daily limit values were recorded. An analysis of daily PM ,, concentrations shows that the correlation
between Iskrba and Zagreb data is much higher during the warm part of the year than during the
cold part. This was to be expected because of the increase of local emissions during heating season
in Zagreb. According to the Zagreb emission inventory, household wood combustion is the main
source of particle emission in the cold part of the year. The analysis of PM,, exceedance days at
Zagreb led to the following conclusions: Iskrba PM,, concentrations are well correlated with sulfate
concentrations in Zagreb but are not correlated to the nitrate concentrations in Zagreb. Since the
sulfate measured at Zagreb station is related to long-range air pollution transport, it is no surprise
that one part was highly correlated with regional background air pollution measured at Iskrba. An
analysis of relationships between sulfate, nitrate and PM,, concentrations at Zagreb monitoring
station showed that high PM,, concentrations correlated well to high nitrate concentration, while
there was no correlation with high sulfate concentrations. Nitrate concentrations have clear sea-
sonal variation with very low concentration in summer, while sulfate concentrations peak in summer.
Higher nitrate concentrations in Zagreb are correlated with lower air temperatures and calms, which
are considered to be favorable meteorological conditions for nitrate formation. Therefore, it seems
that nitrate concentrations depend on local emission sources. Maximum winter nitrates and sulfate
concentrations are about the same size. Together, nitrates and sulfate could build up to 70 % of the
limit value of PM,,, which indicates how significant the contribution of secondary particles to daily
PM,, exceedances in Zagreb really is.

I EKONERG, Koranska 5, Zagreb, Croatia
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ONECISCENJE PM, ; I METALIMA 1Z POMORSKOG
PROMETA U LUCI RIJEKA

Kljucéne rijeci: emisije brodova, PM, 5, XRF, metali, PMF

U sklopu MED projekta POSEIDON analizirano je oneciscenje frakcijom lebdecih cestica PM, s i
metalima iz pomorskog prometa u luci Rijeka. Uzorkovanje frakcije PM, ;s izvrSeno je u razdoblju
2012.-2015. na teflonskim filtrima pomocu uzorkivaca za malene volumene zraka. Uzorkovanje se u
pocetku provodilo u zgradi Agencije za obrazovanje (Trpimirova ul. 2) da bi se 2013. lokacija mje-
renja premjestila na ulaz u luku. Prema svom karakteru obje lokacije predstavljaju stanice izloZene
prometu. Za analizu 20 metala koristena je PIXE (Particle Induced X Ray Emission) metoda, dok je
crni ugljik (black carbon, BC) odreden pomocu LIPM (Laser Integrated Plate Method) tehnike.
Rezultati analiza obradeni su PMF receptorskim modelom te je na taj nacin definirano 4-7 faktora
karakteristicnih za pojedine izvore oneciscéenja. Zajednicki faktori u promatranom razdoblju su:
izgaranje biomase, sekundarni sulfati, prasina ulice (ukljucujuci fosfatna gnojiva) te emisije brodo-
va. Za emisije iz brodova karakteristican je omjer V/Ni>2,5. Takav je omjer dobiven za 2012., dok
Jje kasnijih godina pao na 1,6 u svim izmjerenim uzorcima, dok se u rezultatima PMF analize za 2013.
i 2014. taj se pad ne vidi. Na osnovu koncentracije vanadija, primarna emisija PM, s iz brodova
procijenjena je na 1,41% u 2012., da bi nakon toga pala na 0,37% u 2014.

"' Odjel za fiziku, Sveugiliste u Rijeci, Radmile Matej¢i¢ 2, 51000 Rijeka, Hrvatska
*Nastavni Zavod za javno zdravstvo/ Medicinski fakultet Sveucilista u Rijeci, Kre$imirova 52a, 51000, Rijeka,
Hrvatska,
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AIRBORNE PM,; AND METALS EMITTED FROM MARITIME
TRAFFIC IN THE PORT OF RIJEKA

Keywords: ship emission, PM, 5, XRF, metals, PMF

Airborne concentrations of PM, s and metals originating from maritime traffic in Rijeka were anal-
ysed within the MED project POSEIDON. Sampling of PM, s particles was carried with low volume
samplers on teflon filters from 2012 to 2015. The sampling point was initially located at the Re-
gional Educational Agency, while in 2013 the location was transferred to the entrance of the Port
Authority. Both sampling points can be characterized as traffic sites. Particle Induced X Ray Emis-
sion (PIXE) was used for determination of 20 different elements, mostly metals, while Laser Inte-
grated Plate Method (LIPM) method was used to analyse black carbon (BC). The obtained results
were analysed by the Positive Matrix Factorization (PMF) receptor model resulting in a source
apportionment with 4-7 factors. The common factors in the period studied were: biomass burning,
secondary sulphates, road dust (including phosphate fertilizers) and ship emissions. The character-
istic ratio for ship emissions was V/Ni >2.5. This ratio was obtained in 2012, while in subsequent
vears the ratio decreased to 1.6. This decline is not visible if the V/Ni ratio is obtained from PMF
results, i.e. 3.07 and 3.17 for 2013 and 2014, respectively. The airborne concentration of vanadium
was used to estimate the primary PM, ;5 emission from ships. From an initial 1.41 % in 2012, this
value decreased to 0.37% in 2014.

! Department of Physics, University of Rijeka, Radmile Matej¢ic¢ 2, 51000 Rijeka, Croatia
2 Teaching Institute of Public Health/Faculty of Medicine, University of Rijeka, Kre§imirova 52a, 51000, Rijeka,
Croatia
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PRIMJENA PMF MODELA ZA ODREDIVANJE IZVORA PM,, U
RIJECI

Kljuéne rijeci: Rijeka, PM,, PMF model

Pracenje kvalitete zraka u Rijeci zapocelo je pocetkom sedamdesetih, u vrijeme izgradnje novih in-
dustrijskih pogona na podrucju Kostrene i Bakarskog zaljeva (novi pogoni rafinerije nafte, termoe-
lektrana, koksara) te su mjerenja oneciséenja zraka bila usmjerena prema navedenim izvorima, dok
Jje pomorski promet bio zanemaren. Prvi katastar emisija ukljucujuci pomorski promet napravljen
tek 2008. MED projektom POSEIDON predvidena je usporedba kako emisija iz luke tako i utvrdi-
vanje glavnih izvora oneciscenja zraka na grada Cetiri luke obuhvacene projektom. Brindizi, Patras,
Venecije i Rijeke. U tu svrhu koristen je PMF receptor model na postojeéim rezultatima mjerenja
oneciscenja zraka lebdecim cesticama PM,, u Rijeci. U analizu su uzeti podaci koncentracija PM ,
Cd, Pb, Cu, Zn, Fe, CI, NO5, SO/, NH,', Na*, K*, Ca®" i Mg®" za 2008 i 2010. Rezultati Positive
Matrix Factorization (PMF) receptorskog modela ukazuju na 5 glavnih izvora/faktora oneciscéenja
zraka u Rijeci: izgaranje biomase, sekundarni anorganski aerosoli (SIA), metalna industrija, morski
aerosolii Cestice tla/ceste. Raspodjela udjela pojedinih faktora je razlicita u analiziranim godinama.
U 2008 dominiraju izgaranje biomase, SIA i Cestice tla/ceste sa cca 25%, te morski aerosoli s 13 %,
i metalna industrija s 8%. U 2010. godini dominantni faktori su SIA (35%), metalna industrija i
morski aerosoli (cca 20%), te izgaranje biomase i Cestice tla/ceste (cca 13%). U 2010 godini doslo
Jje do znacajnog smanjenja emisija SO, na Sirem podrucju grada Rijeke, $to bi moglo opravdati
smanjenje udjela izgaranja biomase, ali ne i porast udjela SIA, osim ako oni nisu rezultat pojacanog
udjela daljinskog transporta na rijeckom podrucju. Za dobivanje detaljnije analize udjela pojedinih
izvora na oneciscéenje zraka u Rijeci biti ¢e potrebna daljnja ciljana mjerenja kako bi se obuhvatilo
vi§e karakteristicnih elemenata pojedinih izvora.

"Medicinski fakultet, Bra¢e Branchetta 20, 51000, Rijeka, Hrvatska,
*Nastavni Zavod za javno zdravstvo, KreSimirova 52a, 51000, Rijeka, Hrvatska
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USE OF PMF RECEPTOR MODEL FOR PM,,
APPORTIONMENT IN RIJEKA, CROATIA

Keywords: Rijeka, PM,, PMF receptor model

The air quality monitoring programme began in Rijeka in the early 1970s, following the construction
of new industrial facilities in the city’s eastern industrial area (new petroleum refinery, oil burning
power plant, coke plant). For this reason, the monitoring programme has focused on air pollution
caused by these industrial sources, while maritime traffic was neglected. The first emission inven-
tory comprising port emission was done only recently, in 2008. The aim of the MED project POSE-
IDON was to compare port emissions and apportionment of principal air pollution sources using a
PMF receptor model in _four Adriatic and lonian maritime ports: Brindizi, Patras, Venice and Ri-
Jjeka. The receptor model was applied to existing data on air pollution with PM,,, Cd, Pb, Cu, Zn,
Fe, CI, NOy, SO/, NH,, Na*, K*, Ca’* and Mg>* for 2008 and 2010. Results obtained from the PMF
model indicated 5 principal air pollution sources/factors in Rijeka: biomass combustion, secondary
inorganic aerosols (SIA), metal industry, sea spray and soil/road dust. The distribution of these fac-
tors was different in each of the analysed years. In 2008, the dominating factors were biomass burn-
ing, SIA and soil/road dust with a contribution of approx. 25%, followed by sea spray (13%,) and
metal industry (8%). In 2010, SIA (35%) had the largest contribution, followed by metal industry
and sea spray (approx. 20%), as well as biomass burning and soil/road dust (approx. 13%). The
increase of SIA was an unexpected result, since the 2010 emission of SO, significantly reduced in
the Rijeka Bay compared to 2008. The only plausible reason for such a result is the increased con-
tribution of long-range transport. Further analyses of airborne particulates with more tracers are
required to improve the apportionment of ait pollution sources.

!'Faculty of Medicine, Univ. of Rijeka, Braée Branchetta 20, 51000, Rijeka, Croatia
2 Teaching Institute of Public Health, Kre$imirova 52a, 51000, Rijeka, Croatia
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PRELIMINARNA PROCJENA DOMINANTNIH IZVORA
ONECISCENJA ZRAKA URBANIH PODRUCJA U BLIZINI
RAFINERIJE

Kljucéne rijeci: Procjena dominantnih izvora, Slavonski Brod, PMF

Cilj istrazivanja je procijeniti dominantne izvore oneciscenja zraka u urbanom podrucju u blizini
rafinerije nafte upotrebom receptorskog PMF statistickog modela (Positive Matrix Factorization).
Mobilna mjerna postaja bila je smjestena na prostoru gradskih bazena u Vijusu u blizini danasnje
mjerne postaje Slavonski Brod-2. Dnevni uzorci PM,, i PM, ; frakcija lebdecih Cestica sakupljani su
u razdoblju od 7. studenog 2013. godine do 8. kolovoza 2014. godine. Iz uzoraka frakcija lebdecih
Cestica odredivane su koncentracije organskog i elementnog ugljika, sulfata, policiklickih aromatskih
ugljikovodika i elemenata u tragovima. Takoder su odredivane i koncentracije CO, O;, SO, i NO,.
Statistickim modelom odredeno je pet faktora koji predstavljaju pet dominantnih izvora oneciscenja
zraka.

Zaseban faktor odreden je kao izvor sumpora koji bi se mogao pripisati proizvodnji sumpora u ra-
fineriji Bosanski Brod a kao dodatni potencijalni izvor mogao bi biti sadrzaj sumpora u energentima
rafinerije ili kotlovnice Slavonija 1 u Slavonskom Brodu.

Drugi izvor oneciscéenja moze se pripisati direktno rafineriji u Bosanskom Brodu zbog zasebnog
faktora koji je u vecem udjelu u masi vanadija, kroma, nikla i ozona. Rafinerija je izvor hlapljivih
organskih spojeva, prekursora ozona te iz toga razloga navedeni faktor predstavlja dominantan udio
u masi ozona.

Znatan udio treceg faktora u masi kalija, organskog i elementnog ugljika te pojedinih PAH-ova
ukazuje na gorenje drva i biomase kao jednog od dominantnih izvora. Potencijalni izvori mogu biti
poljoprivredni radovi i kuéna loZista na drva na podrucju Bosanskog Broda.

Znatan udio Cetvrtog faktora u masi olova, cinka, bakra i benzo(a)pirena ukazuje na promet kao
Jjedan od dominantnih izvora. Auto cesta, granicni prijelaz i gradski promet potencijalno najvise
doprinose navedenom faktoru.

Znacajan udio petog faktora u masi Zeljeza i mangana te kroma i lantana ukazuje na metalsku i
metalno-preradivacku industriju kao jednu od potencijalnih izvora.

Ovom procjenom odredene su osnovne smjernice za buduca istrazivanja. U svrhu snaznije argumen-
tacije rezultata statistickog modela, u buducnosti je nuzno prikupiti podatke o vrsti i utrosku ener-
genata u rafineriji Bosanski Brod i kotlovnici Slavonija 1 kao i podatke o dominantnom energentu
kucnih lozZista. Podaci o obimu i vrsti proizvodnje u metalskoj industriji Puro Dakovic, intenzitetu i
vrsti prometa kao i podaci o kapacitetu proizvodnje sumpora u rafineriji pridonijeli bi boljem razu-
mijevanju rezultata statistickog modela.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, 10000, Zagreb
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PRELIMINARYASSESSMENT OF SOURCE APPORTION IN
AN URBAN AREA NEAR A RAFINERY

Keywords: source apportion, Slavonski Brod, PMF

The aim of this study was to assess the dominant sources of air pollution in anurban area near a
refinery, based on PMF (Positive Matrix Factorization) receptor models.
The mobile measurement station used was located at the Vijus bathing resort, near the monitoring
station Slavonski Brod-2. Daily samples of PM,, and PM, ;s particulate matter were collected in the
period from 7 November 2013 to 8 August 2014. Concentrations of organic and elemental carbon,
sulphate, polycyclic aromatic hydrocarbons and trace elements were determined from samples of
particulate matter. The concentrations of CO, O;, SO, and NO, were also measured.

The statistical model determined five factors that represent the five dominant sources of air pollution.
A separate factor was defined as a source of sulphur, which could be attributed to the production of
sulphur in the nearby Bosanski Brodoil refinery. A potential source could also be the sulphur content
infuelat the refinery or at the heating plant ‘Slavonia 1’ in Slavonski Brod.
The second source of pollution can be attributed directly to the refinery in Bosanski Brod, because
of a separate factor found in a great proportion in the mass of vanadium, chromium, nickel and ozone
due to the emission of volatile organic compounds as ozone precursors.
A significant portion of the third factor in the mass of potassium, organic and elemental carbon, and
certain PAHs suggests burning wood and biomass as one of the dominant sources. Potential sourc-
es may stem from agricultural practices and residential heatingby wood in the area of Bosanski Brod.
A significant portion of the fourth factor in the massof lead, zinc, copper and Benzo(a)Pyrene indicates
traffic as one of the dominant sources. Highway and city traffic potentially contributed to this factor
the most.

A significant portion of the fifth factor in the mass of iron and manganese as well as in the mass of
chromium and lanthanum indicates the metal and metal-processing industry as a potential source.
This assessment determined the basic guidelines for future research. In order to achieve greater
statistical power for the used statistical models, it will be necessary to collect data on the type and
energy consumption at the refinery in Bosanski Brod and Slavonia 1 heating plant, as well as infor-
mation about the dominant energy source of residential heating. Information about the Puro Pakovic
metal industry, intensity and type of traffic, as well as data on the capacity of sulphur production at
the refinery contributed to a better understanding of the results of the statistical models.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, 10000, Zagreb
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STATISTICKA ANALIZA KONCENTRACIJA OZONA NA
POZADINSKIM POSTAJAMA PRIMJENOM OPENAIR
PAKETA ZA ANALIZU PODATAKA KVALITETE ZRAKA

Kljucéne rijeci: drzavna mreza, prizemni ozon, OpenAir

Prikazane su glavne znacajke kretanja koncentracija prizemnog ozona na pozadinskim postajama
— bez znacajnog utjecaja titracije dusikovim oksidom, te prikazane mogucnosti programskog paketa
Opendir. U drzavnoj mrezi za trajno pracenje kvalitete zraka, tijekom 2014. godine mjerene su
koncentracije prizemnog ozona na 11 mjernih postaja, od toga na 5 u urbanim podrucjima (Zagreb-3,
Rijeka-2, Kutina-1, Osijek-1, Slavonski Brod-1) te 6 u ruralnim podrucjima (Kopacki rit, Desinic,
Plitvicka jezera, Parg, Hum -otok Vis i Zarkovica — Dubrovnik). Mjerne postaje su smjestene u sva
tri glavna klimatska podrucja Republike Hrvatske — u jadranskoj, gorskoj i kontinentalnoj. Postaje
su smjestene daleko od vecih izvora zagadenja te su njihova mjerenja reprezentativna za Sire pod-
rucje u kojem su smjestene.

Temeljem dobivenih rezultata prikazani su mjerni nizovi, analizirane i usporedene osnovne statistic-
ke znacajke kretanja koncentracija prizemnog ozona te srednji dnevni hod po mjesecima i sezonama.
Medusobne slicnosti kretanja koncentracija prizemnog ozona ocijenjene su proracunom medusobnih
korelacija vremenskih nizova i srednjih dnevnih hodova po mjesecima i sezonama. Na srednjim
dnevnim hodovima koncentracija po mjesecima i sezonama primijenjena je hijerarhijska klaster
analiza te su postaje grupirane po slicnosti.

Analiza je provedena programskim paketom za statisticke proracune i vizualizaciju R koristenjem
OpenAir paketa. OpenAir je set alata za analizu podataka kvalitete zraka izraden za potrebe sustav-
ne analize podataka kvalitete zraka u Ujedinjenom kraljevstvu. Paket sadrzi mnostvo razlicitih
alata koji su primarno namijenjeni razlicitim specificnim vizualizacijama nizova mjerenih i modeli-
ranih koncentracija oneciscujucih tvari u zraku.

! Drzavni hidrometeoroloski zavod, Gri¢ 3, 10000 Zagreb
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STATISTICAL ANALYSIS OF SURFACE OZONE
CONCENTRATIONS MEASURED ON RURAL BACKGROUND
STATIONS USING OPENAIR PACKAGE FOR ANALYSIS OF
AIR-QUALITY DATA

Keywords: state network, surface ozone, OpenAir

The main goal was to show the major features of the timeseries of surface ozone concentrations
measured at rural background stations — without major influences of nitrogen oxide titration. An-
other goal was to demonstrate the possibilities of using the OpenAir package for R.

During 2014 within the Croatian air quality monitoring network, surface ozone concentrations were
measured at 11 sites — 5 in urban areas (Zagreb-3, Rijeka-2 and Slavonski Brod-1) and 6 rural
background sites (Kopacki rit, Desinic, Plitvicka jezera, Parg, Hum on the island of Vis and Zarkovica
- Dubrovnik). The rural background sites were located in all 3 major climate regions of Croatia —
coastal, mountain and inland Croatia. These sites were located far from major sources of air-pollu-
tion and were representative for the wider region.

Measurement series have been shown, analyzed and compared according to basic statistical char-
acteristics of time variation of surface ozone concentrations and average diurnal variations over 4
seasons and 12 months. Hierarchical cluster analysis was applied on seasonal and monthly diurnal
averages. Sites have been grouped according to the similarity of diurnal ozone variation.
Statistical analysis was carried out in R statistical computation software using the OpenAir package.
Opendir is a set of tools for air pollution data analysis built for comprehensive analysis of air qual-
ity in the UK. The package primarily consists of different tools for the visualization of various sta-
tistical aspects of measurement time-series as well as modelled pollutant concentrations.

! Croatian Meteorological and Hydrological Service, Gri¢ 3, 10000 Zagreb
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PROCJENA KONCENTRACIJA OZONA U ZRAKU
UPOTREBOM REGRESIJSKOG MODELA

Kljucéne rijeci: dusikov dioksid, temperatura, tlak, visestruka linearna regresija, vlaga

Troposferski ozon (0;) je sekundarno oneciscenje koje nastaje djelovanjem suncevog zracenja na
dusikov dioksid (NO,), a osim oksida dusika znacajni su mu prekursori i spojevi poput ugljikovog
monoksida ili hlapivih ugljikovodika. Zbog Stetnog djelovanja na ljudsko zdravlje i vegetaciju te
utjecaja na atmosfersku kemiju razine ozona prate se na mnogim lokacijama u svijetu. Takoder,
brojna su znanstvena istrazivanja usmjerena na razvijanje modela za predvidanje njegovih koncen-
tracija te procjenu utjecaja razlicitih prekursora i vremenskih uvjeta na njegovo nastajanje. Za
procjenu koncentracija ozona mogu se koristiti i statisticki modeli poput visestruke linearne regre-
sije.

U ovom istraZivanju ispitivan je utjecaj Cetiri nezavisne varijable (24-satni prosjeci temperature,
relativne vlaga, tlak i koncentracija NO,) na koncentracije ozona. Koristeni su podaci s mjerne
postaje smjestene u stambenom dijelu Zagreba s umjerenom gustocom prometa, na kojoj postoji
kontinuirano pracenje koncentracija O; i NO, od 1999. godine. Promatran je utjecaj navedenih
varijabli na najvisu satnu vrijednost tijekom dana, najvisu dnevnu 8-satnu vrijednost te na 24-satni
prosjek koncentracija ozona. Za razradu modela koristeni su podaci iz 2013. godine. Primjenom
visestruke linearne regresijske analize ustanovljeno je da sve Cetiri varijable znacajno utjecu na
koncentracije ozona, a koeficijent determinacije bio je izmedu 66 i 71 %. Jednadzba visestruke line-
arne regresije dobivena za 2013. godinu koristena je za izracunavanje koncentracija ozona tijekom
tri prethodne godine, koje su se medusobno znacajno razlikovale po vremenskim uvjetima i izmjere-
nim koncentracijama ozona. Prilikom izracunavanja koncentracija ozona koristeni su podaci o
24-satnim koncentracijama NO, za 2010., 2011. i 2012. godinu s iste lokacije. Vrijednosti ozona
odredene ovim modelom usporedene su s izmjerenim koncentracijama, a dobiveni korelacijski koe-
ficijenti izmedu statisticki odredenih i izmjerenih vrijednosti kretali su se izmedu 0,730 1 0,816. Re-
zultati istrazivanja pokazali su da se viSestruka linearna regresija moze koristiti za predvidanje
koncentracija ozona, ukljucujuci procjenu 24-satnih prosjeka, najvisih satnih prosjeka te najvisih
dnevnih 8-satnih prosjeka koristenjem jednostavnih ulaznih parametara u obliku 24-satnih prosjeka.
Dobiveni model moze se uspjesno primijeniti i na godine koje se medusobno znacajno razlikuju u
vremenskim uvjetima.

! Institut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb
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ESTIMATION OF OZONE CONCENTRATIONS IN AIR USING
THE REGRESSION MODEL

Keywords: humidity, multiple linear regression, nitrogen dioxide, pressure, temperature

Tropospheric ozone (O;) is a secondary pollutant formed by the effect of sunlight on nitrogen dioxide
(NO,). Except for nitrogen oxides, ozone precursors also comprise compounds such as carbon mon-
oxide and volatile hydrocarbons. The monitoring of ozone levels is carried out at many locations due
to its harmful effects on human health and vegetation and its influence on atmospheric chemistry.
Many scientific studies have also focused on developing models for predicting ozone concentrations,
as well as for estimating the influence of different precursors and weather conditions on ozone for-
mation. Statistical models such as multiple linear regression can be used for the estimation of ozone
concentrations. In this study, the influence of four independent variables (24-hour averages of tem-
perature, relative humidity, pressure and NO, concentrations) on ozone concentrations was investi-
gated. We used data from a measuring station located in the residential part of Zagreb with modest
traffic density, where O; and NO, concentrations have been measured continuously from 1999.
Using data from 2013, the influence of independent variables on the maximum hourly value during
the day, maximum eight-hour average during the day and 24-hour average of ozone concentrations
was studied. Multiple linear regression analysis showed that all four variables significantly influenced
ozone concentrations, with the coefficient of determination varying from 66 to 71 %. The equation
obtained by multiple linear regression analysis for 2013 was used for calculating ozone concentra-
tions for the previous three years, which differed significantly in weather conditions and ozone
concentrations. For calculations, data on 24-hour average NO, concentrations from the same loca-
tion for years 2010, 2011 and 2012 were used. The ozone values calculated using this model were
compared against the measured ozone values and the obtained correlation coefficients between
statistically determined and measured values varied between 0.730 and 0.816. This investigation
showed that multiple linear regression analysis can be used for estimating ozone concentrations,
including the maximum hourly value during the day, maximum eight-hour average during the day
and 24-hour average, using simple input data in the form of 24-hour averages. This model can be
used for investigating years that differed in weather conditions significantly.

! Institute for Medical Research and Occupational Health, Ksaverska cesta 2, Zagreb
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ODREPIVANIJE I STATISTICKA ANALIZA NO, I O; KAO
POKAZATELJA ONECISCENJA ZRAKA NA PODRUCJU
GRADA SPLITA

Kljuéne rijeci: NO,, O;, sezonske promjene

Provedena je statisticka analiza parametra kvalitete zraka sa svrhom karakterizacije ovisnosti kon-
centracije dusik (IV) oksida (NO,) i ozona O; na urbanim mjestima grada Splita, Hrvatska. Koncen-
tracije ovih pokazatelja kvalitete zraka pod utjecajem su razlicitih kemijskih procesa, te slozenih
mehanizama izvora i ponora koji su medusobno ovisni. Kako bi se definirao doprinos razlicitih
izvora zagadenja provedena je multivarijantna analiza (analiza glavnih sastavnica i faktorska ana-
liza) ispitivanih parametara. Koncentracije NO, i O; su mjerene pomocu odgovarajucih analizatora
u Sestomjesecnom periodu (29.10.2014.-15.5.2015.). Analizatori su bili smjesteni u automatskoj
mjernoj stanici i mjesto uzorkovanja je bilo oko 3 metra iznad razine tla. Dusikovi oksidi su odredi-
vani metodom kemiluminiscencije u skladu s HRN EN 14211:2012, a ozon metodom ultraljubicaste
fotometrije u skladu s HRN EN 14625:2012. Dobivene koncentracije NO, u zraku su bili u rasponu
od 0.02 to 112.39 ugm?, s prosjecnom vrijednosti od 19.46 ugm=, dok su dobivene koncentracije
ozona bile u rasponu od 1.46 to 130.29 ugm=, s prosjecnom koncentracijom od 58.37 ugm=. Maksi-
malne koncentracije NO, u zraku su bile izmjerene u hladnijim i susnijim danima, zbog povecane
potrosnje fosilnih goriva. Zahvaljujuci stabilnijim atmosferskim uvjetima u proljece, dobivene kon-
centracije su bile nize u odnosu na one dobivene u zimskom razdoblju, sa minimumom u cetvrtom
mjesecu. Dobivene prosjecne koncentracije O; su bile najvece u proljece i opadale su prema zimskom
razdoblju. Najvece dnevne vrijednosti za O; su bile izmjerene od kasnih jutarnjih do rano poslije-
podnevnih sati. Suprotno tome, najvece vrijednosti NO, su bile izmjerene u rano jutarnjim i kasno
popodnevnim satima, Sto je povezano sa povecanim intenzitetom prometa u to vrijeme.

Dobivene vrijednosti za NO, i O; bile su ispod granicnih vrijednosti oneciscujucih tvari u zraku.
(Zakon o zastiti zraka (NN 130/11, 47/14), Uredba o grani¢nim vrijednostima oneciséujucih tvari u
zraku (NN 117/14)).

'Nastavni zavod za javno zdravstvo Splitsko-dalmatinske Zupanije, Vukovarska 46, 21000 Split
2Kemijsko-tehnoloski fakultet, Zavod za kemiju okolisa, Teslina 10/5, 21000 Split
3 Prehrambeno-biotehnoloski fakultet, Zavod za procesno inZenjerstvo, Pierottijeva 6, 10000 Zagreb
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DETERMINATION AND STATISTICAL ANALYSIS OF NO,
AND O; AS AN INDICATOR OF AIR POLLUTION AT A
URBAN SITE IN SPLIT, CROATIA

Keywords: NO,, O;, seasonal variations

Statistical analysis of air quality parameters was carried out to characterize the dependence between

the concentration of nitrogen (IV) oxide (NO,) and ozone Oj; in the urban areas of Split, Croatia. The
concentrations of these indicators were under the influence of different chemical processes, and
complex interdependent mechanisms of production and consumption. In order to define the contribu-
tion of different sources of pollution, a multivariate analysis of investigated parameters was performed
(principal component analysis and factor analysis). NO, and O; concentrations were influenced by
differences in chemical processing through their complex emission-production and consumption

mechanisms, making them interdependent. Ambient concentrations of NO, and O; were measured
by NO, and O; analysers in a six-month period (29 October 2014 to 15 May 2015). Analysers were
situated in a monitoring automatic station, and sampling took place approximately 3 m above ground
level. Nitrogen oxides were determined on-line by detecting the chemiluminescence in accordance
with HRN EN 14211:2012, whereas O; was measured by ultraviolet photometric method in accor-

dance with HRN EN 14625:2012. NO, concentrations in ambient air were within the range from 0.02
to 112.39 ugm?, with an average value of 19.46 ugm=, while those found for O; ranged from 1.46 to

130.29 ugm>, with an average value of 58.37 ugm?. Levels of NO, and O; were inversely related.

The maximum NO, concentration was reached at the coldest and driest days due to increased fossil
fuel consumption. Owing to more stable atmospheric conditions in spring, the concentrations were
lower compared to the winter ones, with minimums reached in April. The average concentration of
O; peaked in spring and increased in winter. The major peak for O; lasted from late morning until
early afternoon. Conversely, NO, displayed morning and late afternoon peaks which coincided with

rush-hour traffic. The results obtained for NO, and O; were below the allowable limit value of pol-

lutants in the air (Air Protection Act (OG 130/11, 47/14); Regulation on limit values of pollutants in

air (0G 117/12)).

'Teaching Institute of Public Health, Split and Dalmatia County, Vukovarska 46, 21000 Split

?Faculty of Chemistry and Technology, Department of Environmental Chemistry, University of Split, Teslina 10/V,
21000 Split, Croatia

3Faculty of Food Technology and Biotechnology, Department of Process Engineering, Pierottijeva 6, 10000 Zagreb
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INFORMACIJSKI SUSTAV ZA PRACENJE I PROCJENU
KVALITETE ZRAKA GRADA ZAGREBA

Kljucéne rijeci: tokovi podataka, web servisi, indeksi kvalitete zraka

Pracenje kvalitete zraka u zadnjih 15 godina sve se vise oslanja na racunala i informacijske sustave.
Informacijski sustavi za pracenje kvalitete zraka u zemljama c¢lanicama Europske unije razvijeni su
i slijede novosti u podrucju racunarstva. Novosti koje se koriste u polju racunarstva trenutno nisu
dostatno zastupljeni u racunalnom dijelu za pracenje kvalitete zraka u Republici Hrvatskoj. Moguci
razlog tome je cijena informacijskih sustava, ¢iji razvoj ne moze biti osiguran bez snaznijeg ukljuci-
vanja drzavne i lokalne uprave.

Vecdina informacijskih sustava u podrucju racunarstva orijentirana je na podrucje pohrane podata-
ka ili na podrucje sakupljanja podataka. Pregledom literature i projekata vidljivo je da su danasnji
informacijski sustavi s obzirom na podrucje pohrane podataka najvise orijentirani na ,,cloud “ ser-
vere. Usprkos velikoj sumnji u kvalitetu i sigurnost pohrane podataka na ,,cloud* servere, sve veci
broj informacijskih sustava i projekata vezanih za racunarstvo oslanjaju se na tu tehnologiju.
Vecina radova iz podrucja sakupljanja podataka orijentirana je na prikupljanje velike kolicine po-
dataka u kratkom vremenskom intervalu, a radovi vezani za podrucja pracenja Internet prometa
uglavnom su orijentirani na koristenje tokova podataka u svrhu sakupljanja i pohranjivanja poda-
taka.

Koristenje tokova podataka rezervirano je za prikupljanje velikih kolicina podataka u kratkim vre-
menskim intervalima. Njihovom analizom uvidio se veliki potencijal koristenja u svrhu prikupljanja
podataka s automatskih postaja za pracenju kvalitete zraka, u podrucju obrade podataka prije po-
hranjivanja u baze podataka. Taj dio tokova podataka je narocito zanimljiv u podrucju kvalitete
zraka. U ovom istrazivanju u dijelu tokova podataka rezerviranom za obradu podataka uvrsteni su
automatska validacija podataka, izracunavanje kvalitete zraka pomocu indeksa te priprema poda-
taka za izvjestavanje.

Nakon Sto se podaci spreme u bazu podataka, prikazuju se na web stranici Instituta za medicinska
istrazivanja i medicinu rada. Takoder web stranica pomocu web servisa prikazuje obavijesti o kva-
liteti zraka grada Zagreba te upozorenja gradanima kada su vrijednosti onecisc¢ujucih tvari povise-
ne.

Informacijski sustav za pracenje kvalitete zraka Instituta za medicinska istrazivanja i medicinu rada
pokazuje da se nove tehnologije u podrucju racunarstva mogu i trebaju koristiti za pracenje i pro-
cjenu kvalitete zraka u svrhu brze obrade podataka te boljeg i jednostavnije informiranja javnosti o
kvaliteti zraka.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska cesta 2, Zagreb, HRVATSKA
2 Institut Ruder Boskovi¢, Bijenicka cesta 54, Zagreb, HRVATSKA
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Keywords: PM,, orthogonal regression, spatial dependence

The monitoring of air quality in the last 15 years has increasingly relied on computer and informa-
tion systems. Information systems for monitoring air quality in the countries of the European Union
kept up with novelties in the field of computer science, which cannot be said for the Republic of
Croatia. A possible reason for this is the price of an information system, whose development cannot
be secured without stronger involvement from state and local governments.

Most information systems in the field of computer science focus on data storage or data collection.
A review of the literature and recent projects makes it clear that with regard to data storage today’s
information systems are mostly oriented at “cloud” servers. Despite great doubts in the quality and
safety of “cloud” servers, a growing number of information systems and projects related to com-
puter science rely on the technology of “cloud” servers.

Looking at data collection, most work revolves around the collection of large amounts of data in
short time. A large number of papers related to monitoring internet traffic have placed stress on the
use of stream data for the purpose of collecting and storing data.

Although the use of stream data has so far been reserved for collecting large amounts of data in short
time intervals, they have great potential in use for the collection of data from automated monitoring
stations for air quality. Except for collecting data, streams can process data before storing them to
a database. That part of the data stream is particularly interesting in the field of air quality. In the
stream data reserved for processing data, for the purposes of this paper, we included automatic
data validation, calculation of air quality using the index and the preparation of data for reporting.
After data is stored in the database, it is displayed on the website of the Institute for Medical Research
and Occupational Health. Using a web service, the webpage displays notifications on air quality of
the city of Zagreb and alerts citizens when values of pollutants increase.

The information system for monitoring air quality of the Institute for Medical Research and Occu-
pational Health shows that new technology in the field of computing can be used to monitor and
assess the quality of air, primarily owing to faster data processing and the resulting better and
simpler way to inform the public about air quality.

! Institute for Medical Research and Occupational Health, Ksaverska c., Zagreb, CROATIA
2 Institute Ruder Bogkovi¢, Bijenicka c. 54, Zagreb, CROATIA
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RAZRADA METODE ZA ANALIZU PLATINE, PALADIJA I
RODIJA U UZORCIMA OKOLISA

Kljucéne rijeci: certificirani referentni materijal, lebdece cestice, ICP MS

Elementi platinske grupe (platinum group elements, PGE), platina (Pt), paladij (Pd) i rodij (Rh),
imaju veliku ulogu u radu ispusnih sustava te se koriste u vozilima, smanjujuci emisije plinovitih
oneciscujucih tvari kao sto su ugljikov monoksid, dusikovi oksidi i ugljikovodici. Vrudi ispusni pli-
novi koji prolaze kroz automobilske kataliticke konvertere uzrokuju ostecenja tih sustava §to dovodi
do emisije Pt, Pd i/ili Rh u okolis i povecanja koncentracije navedenih elemenata.

Opcenito je za pretpostaviti da su zdravstveni rizici povezani s izloZenosti elementima platinske
grupe iz okolisa minimalni, ali novije studije njihove toksicnosti, s obzirom na bioraspostranjenost
i koncentracije navedenih elemenata u okolisu i bioloSki vaznim medijima, pokazuju da izloZenost
tim metalima iz okolisa doista moze predstavljati potencijalni rizik za zdravlje ljudi uzrokujudi astmu,
alergije druge ozbiljne zdravstvene probleme.

Spektralne interferencije, slozenost matrice kao i nestabilnost razrijedenih vodenih otopina Pt, Pd i
Rh predstavija problem kod analize niskih koncentracija tih metala u okolisu, stoga su postupci
odredivanja Pt, Pd i Rh jo$ uvijek predmet brojnih istraZivanja.

Za sada ne postoje komercijalno dostupni certificirani referentni materijali za odredivanje Pt, Pd i
Rh u lebdecim Cesticama u zraku, biljkama, tlu i vodama. U ovom radu su zato, uz dostupni certifi-
cirani referentni materijal za druge vrste uzoraka (npr. BCR 723 - prasina uz cestu), priredeni i
laboratorijski uzorci dodavanjem poznatih koncentracija Pt, Pd i Rh na certificirane referentne
materijale za odredivanje metala u lebdecim cesticama (ERM CZ120, NIST 1648a).

Ispitivani su razliciti postupci razgradnje, ukljucujuci mikrovalno razaranje pri visokom tlaku i
temperaturi (Ultraclave) te termicka razgradnja u kiselini. Uzorci su analizirati masenom spektro-
metrijom induktivno spregnute plazme (ICP MS). Analizom certificiranog materijala BCR 723, zbog
interferencija, dobivena je 3 puta veca vrijednost od ocekivane za Rh te 20 puta veca vrijednost za
Pd. Kako bi se uklonio utjecaj matrice primijenjen je postupak procis¢avanja na kationskom izmje-
njivacu. Ispitivan je i utjecaj koncentracije klorida, prilikom prociscavanja, na uklanjanje interfe-
rencija. IstraZivanja su pokazala da se kod uzoraka prasine uz cestu procis¢avanjem ukloni veci dio
interferencija kod odredivanja koncentracije Pd dok za odredivanje koncentracije Rh nije bilo ra-
zlike. Analizom laboratorijskih uzoraka fine prasine ERM CZ120 (fine dust — PM , like) nisu nadene
znacajne interferencije za Pt, Pd i Rh te je analiticki povrat za navedene metale iznosio 96% — 105%
dok je za laboratorijske uzorke NIST-a 1648a (Urban particulate matter) analiticki povrat iznosio
95% — 104%.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska cesta 2, 10000 Zagreb
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Platinum group elements (PGE) platinum (Pt), palladium (Pd) and rhodium (Rh) play an important
role in exhaust systems and are used in vehicles to reduce the emission of gaseous pollutants such
as carbon monoxide, nitrogen oxides and hydrocarbons. Hot exhaust gases that pass through auto-
mobile catalytic converters cause damage to these systems, which leads to the emission of Pt, Pd
and/or Rh in the environment and increases their concentration.

1t is generally assumed that the health risks associated with environmental exposures to platinum
group elements are minimal. However, recent studies on their toxicity, environmental bioavailability
and concentrations in biologically relevant media indicate that environmental exposure to these
metals may indeed pose a potential health risk, causing asthma, allergies or other serious health
problems.

Spectral interferences, the complexity of the matrix as well as the instability of diluted aqueous Pt,
Pd and Rh solutions cause problems in the analysis of low concentrations of these metals in the
environment; therefore, procedures for determining Pt, Pd and Rh are still the subject of numerous
studies.

Currently, there are no commercially available certified reference materials for the determination
of Pt, Pd and Rh in airborne particulate matter, plants, soil and water. In this paper, with available
certified reference material for other types of samples (eg, BCR 723 — road dust), we also used la-
boratory samples prepared by adding known amounts of Pt, Pd and Rh on reference materials cer-
tified for the determination of metals in airborne particulate matter (ERM CZ120, NIST 1648a).
Different methods of degradation were used, including microwave digestion at high pressure and
temperature (Ultraclave) and thermal decomposition in acid. The samples were analyzed by induc-
tively coupled plasma mass spectrometry (ICP-MS). Certified reference material BCR 723, due to
interferences, gave a 3 times higher value than expected for Rh and 20 times the value of Pd. In
order to remove the influence of the matrix, cation exchange purification was applied. The influence
of the chloride concentration in purification on the removal of interferences was also studied. Rese-
arch has shown that in samples of road dust, purification removed most of the interferences in the
determination of the concentration of Pd while for Rh determination there was no difference. In la-
boratory samples with ERM CZ120 (fine dust - PM,, like) no significant interferences were found
for Pt, Pd and Rh and the analytical recovery of listed metals accounted for 96-105%, while the
analytical recovery for laboratory samples made of NIST 1648a (Urban Particulate Matter) acco-
unted for 95-104%.

! Institute for Medical Research and Occupational Health, Ksaverska cesta 2, 10000 Zagreb
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STATISTICKA OBRADA REZULTATA ISPITIVANJA
SPOSOBNOSTI ZA SO, I CO U ZRAKU ODRZANIH U
HRVATSKOJ OD 2010. DO 2014.

Kljucéne rijeci: ispitivanje sposobnosti, kvaliteta zraka, reproducibilnost, z rezultat, En broj

Primjenom osnovnih statistickih metoda obradeni su relevantni rezultati za SO, i CO dobiveni ispi-
tivanjem sposobnosti (IS) laboratorija za kvalitetu zraka, a u svrhu preglednog prikaza kompeten-
tnosti laboratorija koji su sudjelovali u IS. Pri obradi je koristena metodologija kojom se u istu
svrhu koristi Europski referentni laboratorij (ERLAP). Kao izvor podataka koristeni su sluzbeni
izvjestaji o ispitivanjima sposobnosti tvrtke EKONERG. Rezultati ovog istraZivanja usporedeni su s
rezultatima objavljenim od strane ERLAP-a u dokumentu JRC89757. Obradeno je ukupno 120 re-
zultata iz 30 setova podataka (14 sudionika za CO i 16 sudionika za SO, i to za Cetiri razlicite
koncentracije plina) dobivenih na Cetiri IS odrzanih u periodu od 2010. do 2014. godine na kojima
su sudjelovali svi laboratoriji s dozvolom Ministarstva zastite okolisa i prirode za pracenje kvalite-
te zraka iz Republike Hrvatske kao i neki laboratoriji iz susjednih zemalja. Obradeni parametri su
bili: obnovljivost (reproducibilnost) i mjerne nesigurnosti izvjestenih rezultata, apsolutne vrijedno-
sti z vrijednosti, En brojeva i odstupanja od dodijeljene vrijednosti. Takoder su sumirane i ukupne i
pojedinacne ocjene laboratorija dobivene sukladno shemi vrednovanja (kategorije al — a7) Proto-
kola ispitivanja sposobnosti prema kojem su ista odrzana.

Ukupna ocjena pokazuje 100%-tnu prolaznost laboratorija. Po pojedinacnim ocjenama u kategori-
Jji al (rezultat potpuno zadovoljavajuci) nalazilo se vise od 80% rezultata, u kategoriji a2 (rezultat
Je zadovoljavajudi ali s prevelikom mjernom nesigurnoscéu) oko 15% rezultata, u kategoriji a3 (re-
zultat je zadovoljavajuci ali En broj ne zadovoljava) oko 2% rezultata. Prosjecna vrijednost mjernih
nesigurnosti zadovoljavala je zahtjeve relevantnih normiranih metoda za CO i SO,. Dobiveni rezul-
tati usporedivi su s onima objavljenim u dokumentu JRC89757.

Iz rezultata ovog istrazivanja mozemo zakljuciti da je razina kompetentnosti laboratorija koji su
sudjelovali u gore navedenim IS zadovoljavajuca. Dobiveni rezultati ne razlikuju se u mnogome s
rezultatima dobivenim analizama koje je proveo ERLAP koristeci istu metodologiju. Usprkos tome
postoji mogucnost napretka pojedinih laboratorija u smislu poboljSanja procjene mjerne nesigurno-
sti izvjestenih rezultata.

'EKONERG-Institut za energetiku i zastitu okolia, 10 000 Zagreb, Koranska 5, Hrvatska
2Veleuciliste Velika Gorica, 10 410 Velika Gorica, Zagrebacka c. 5, Hrvatska
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STATISTICAL EVALUATION OF RESULTS FROM
PROFICIENCY TESTING FOR SO, AND CO IN AIR HELD IN
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Keywords: proficiency testing, air quality, z score, En number, reproducibility

The statistical evaluation of results from proficiency testing (PT) for gaseous pollutants SO, and CO
in air was carried out with the purpose of gathering all the data from PTs and using simple statisti-
cal tools to evaluate the proficiency of participating laboratories. All of the data used were taken
from the PTs issued by the PT provider Ekonerg. The methodology used was that which is stan-
dardly applied by the European Reference Laboratory for Air Pollution (ERLAP). The results were
compared to those published by the ERLAP in document JRC89757. There were 120 reported results
from 30 sets of data (14 CO and 16 SO, participating laboratories x 4 different gas concentrations)
gathered from 4 PTs held from 2010 to 2014 in Croatia with the participation of all Croatian licensed
air quality laboratories and certain laboratories from the neighboring countries. The parameters
that were evaluated were reproducibility and uncertainty of reported results, absolute values of z
scores, En numbers and bias from the assigned values. General assessments and assessments of each
concentration level by the ERLAP and PT provider categorization (result categories al to a7)
method were also analyzed.

The general assessment of laboratory proficiency was 100%. There were 80% results assessed as al
category (result completely satisfactory), around 15% as a2 category (result satisfactory but with
high uncertainty) and around 2% as a3 category (z score OK but En number not). Average values
of uncertainties were within demands from relevant CEN standards for CO and SO,. The results of
this evaluation were similar to those published by the ERLAP.

We can conclude that the level of proficiency of laboratories participating in the PTs was satisfac-
tory. There is still room for the laboratories to improve in uncertainty assessments. The results of
this investigation can be compared with results published in the JRC89757 document.

'EKONERG-Energy and Environmental Protection Institute, 10 000 Zagreb, Koranska 5, Croatia
2University of Applied Sciences Velika Gorica, 10 410 Velika Gorica, Zagrebacka c. 5, Croatia
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DRZAVNA MREZA ZA PRACENJE KVALITETE ZRAKA
_ISKUSTVA REFERENTNOG LABORATORIJA ZA ZRAK

Kljucéne rijeci: kvaliteta podataka, Drzavna mreza, referentni laboratorij, nova regulativa

Cilj istraZivanja je prikazati ostvarene kvalitete podataka u drzavnoj mrezi za pracenje kvalitete
zraka te iskustva referentnog laboratorija za zrak tijekom 2013. i 2014. godine. Kroz primjere iz
prakse istaknuti su problemi u radu mreze i osnovni razlozi neraspolozivosti podataka. S posebnim
osvrtom na zadovoljenje zahtjeva europske i hrvatske regulative daju se prijedlozi za predstojece
Izmjene i dopune Zakona o zastiti zraka.

Ispitni laboratorij tvrtke EKONERG — Institut za energetiku i zastitu okolisa provodi mjerenja u
urbanim postajama drzavne mreze za pracenje kvalitete zraka od 2008. godine. RjeSenjem Ministar-
stva zastite okolisa i prirode za obavljanje djelatnosti osiguranja kvalitete mjerenja i podataka
kvalitete zraka EKONERG 2013. postaje referentni laboratorij za plinove (SO, CO, O;, NO,) i
preuzima mjerenja u cijeloj drzavnoj mrezi (urbane i pozadinske postaje). U srpnju 2014. ishodeno
Je i rjeSenje za benzen cime su formalno ispunjeni svi uvjeti definirani Direktivom 2008/50/EC i
Zakonom o zastiti zraka (NN 130/11, 47/14) u pogledu mjerenja plinovitih oneciscujucih tvari u
drzavnoj mrezi.

Prosjecni obuhvat podataka tijekom 2013. u drzavnoj mrezi za pracenje kvalitete zraka bio je od
80,4 do 99,6 % u urbanim postajama, odnosno 11,3 do 55,6 % u pozadinskim postajama . U 2014.
u urbanim postajama ostvaren je prosjecni obuhvat 81,2 do 99,9 %, dok se u pozadinskim kretao od
21,3 do 98,2 %. Osnovni razlozi neraspolozivosti podataka bili su: kvaliteta analizatora, neadekvat-
no redovito i interventno odrzavanje te nezadovoljavajuca kvaliteta pojedinih radova.

Za buduci rad drzavne mreze vazno je istaknuti novu Direktivu Europske komisije u pripremi (srpanj
2015) koja daje amandmane na Direktive 2004/107/EC i 2008/50/EC EK u vezi referentnih metoda,
validacije podataka i lokacije mjernih mjesta. Za referentne laboratorije dodatno je propisana oba-
veza akreditacije za organizaciju ispitivanja sposobnosti prema normi ISO/IEC 17043. EKONERG
Je akreditiran prema normi ISO/IEC 17043 od sijecnja 2013. S tehnickog stajalista ne postoje
prepreke da drzavna mreza za pracenje kvalitete zraka i dalje ispunjava sve zahtjeve europske i
hrvatske regulative.

U radu drZavne mreze za pracenje kvalitete zraka posebnu paznju treba posvetiti adekvatnom teh-
nickom odrzavanju mjerne opreme i kompetentnosti buducih izvodaca radova. U izmjenama i dopu-
nama Zakona o zastiti zraka potrebno je voditi racuna o iskoristenju postojecih kapaciteta u RH
kako ne bi doslo do pada kvalitete rada drzavne mrezZe u pogledu raspolozivosti podataka i neispu-
njavanja zahtjeva europske Direktive 2008/50/EC.

'EKONERG-Institut za energetiku i zastitu okolisa, 10 000 Zagreb, Koranska 5, Hrvatska
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CROATIAN STATE AIR QUALITY NETWORK - THE
EXPERIENCES OF A REFERENCE LABORATORY FOR AIR

Keywords: data quality, State network, referent laboratory, new legislation

The main objective of this study was to present data on air quality established in the state air qual-
ity network as well as experiences of a reference laboratory during 2013 and 2014. Problems en-
countered and reasons for the unavailability of data are highlighted through examples from practice.
With particular reference to compliance with requirements of European and Croatian regulations,
this paper offers proposals _for possible amendments to the Air Protection Act.

The testing laboratory of the EKONERG - Energy and Environmental Protection Institute Company
has conducted measurements in urban stations of the state air quality network since 2008. Pursuant
to the Decision of the Ministry of Environmental and Nature Protection for conducting quality as-
surance of measurements and air quality data, EKONERG became a reference laboratory for gaseous
pollutants (SO,, CO, O;, NO,) in 2013 and has since performed measurements across the state network
(urban and background stations). EKONERG’s permit was expanded to benzene in July 2014, which
meant that all of the requirements from Directive 2008/50/EC and the Air Protection ACT were
formally met with respect to the measurement of gaseous pollutants in the state network.

The average data capture in 2013 in the state air quality network was between 80.4 and 99.6 % in
urban stations and between 11.3 and 55.6% in the background stations. In 2014, the urban stations
achieved an average coverage between 81.2 and 99.9 % and background stations from 21.3 to 98.2%.
The main reasons for the unavailability of data were: quality of analysers, inadequate regularly and
corrective maintenance and unsatisfactory quality of individual works.

The new Directive of the European Commission, which is in preparation (July 2015) and amends
Directives 2004/107/EC and 2008/50/EC regarding reference methods, data validation and the loca-
tion of measurement points, will be important for the future functioning of the state network. The
Directive will introduce an additional obligation for reference laboratories - accreditation for the
organization of proficiency testing according to the ISO/IEC 17043 norm. EKONERG has been ac-
credited according to ISO/IEC 17043 since January 2013. From a technical point of view, there is
no reason that the Croatian state air quality network still will not fulfil all of the future requirements
of European and national regulations.

In the operation of the state air quality network, special attention should be given to the adequate
technical maintenance of equipment and the general competence of future contractors. The amend-
ments to the Air Protection Act should take into account the utilization of existing capacities in the
Republic of Croatia in order to prevent a drop in quality and non-compliance with Directive 2008/50/
EC.

'EKONERG-Energy and Environmental Protection Institute, 10 000 Zagreb, Koranska 5, Croatia
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UTJECAJ AEROALERGENA NA POJAVU ALERGIJSKIH
BOLESTI OKA KOD ODRASLE POPULACIJE U ZAGREBU I
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Kljucéne rijeci: alergeni, rinokonjunktivitis, konjunktivitis, rinitis, alergoloski test

Alergijski rinokonjunktivitis upalni je odgovor na alergene te je zastupljen s 95% u odnosu na sve
alergijske bolesti oka. Postoje dva oblika bolesti: ¢esci sezonski koji je uzrokovan peludnim alerge-
nima i rjedi cjelogodisnji uzrokovan grinjama te dlakama, epitelom i izlucevinama zivotinja.

Svrha ovog istraZivanja je povezati vremensku i prostornu raspodjelu peluda i ostalih inhalacijskih
alergena s pojavom alergijskih bolesti oka kod odrasle populacije s prebivalistem u Zagrebu i Za-
grebackoj zupaniji.

Aerobiolosko istraZivanje provodilo se u razdoblju od 2003.-2006. godine na tri lokacije u Zagrebu,
Samoboru i Ivanic¢ Gradu, gdje se pelud uzorkovao sedmodnevnim volumetrijskim uzorkivacem za
pelud i spore Hirstovog tipa. U epidemioloskom istraZivanju koje se provodilo u istom vremenskom
razdoblju sudjelovala su 2192 pacijenta koji su se prvi puta podvrgnuli alergoloskom testiranju
(skin-prick test). Osim rezultata alergoloskog testiranja, svaki je pacijent ispunio i anketni upitnik
koji se sastojao od 29 pitanja na temelju kojih su dobiveni podaci o nacinu Zivota, simptomima,
dobi u kojoj su se simptomi pojavili prvi put, pogorsanju simptoma te jos brojne korisne informaci-
Jje.

Rezultati su pokazali da je 86,72% pacijenata bilo alergicno na peludne alergene, 36,45% na aler-
gene grinja, 2,46% na spore gljivica i plijesni te 5,1% na ostale alergene koji su ukljucivali alerge-
ne zZohara, perja te zZivotinjskih dlaka. Najveci broj pacijenata je imao simptome rinokonjunktivitisa
(931; 42,5%), zatim konjunktivitisa (621; 28,3%) i rinitisa (523; 23,9%). Mali je broj pacijenata
imao alergijske simptome na kozi (117; 5,3%). Kod svih pacijenata koji su bili alergicni na peludne
alergene simptomi su se pogorsavali s prisutnoscu visokih koncentracija peluda u zraku, dok su
pacijenti alergicni na alergene grinja imali simptome cijele godine s laganim pogorsanjem i pove-
canjem broja slucajeva u razdoblju od mjeseca travnja do lipnja. Pacijenti koji su bili senzibilizira-
ni na spore gljivica i plijesni te Zivotinjske dlake imali su izrazene simptome tijekom cijele godine.

"Veleuciliste Velika Gorica, Zagrebacka c. 5, Velika Gorica, Hrvatska
2EKONERG, Institut za energetiku i zastitu okolisa, Koranska 5, Zagreb, Hrvatska
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INFLUENCE OF AEROALLERGENS ON THE INCIDENCE OF
ALLERGIC EYE DISEASE AMONG THE ADULT
POPULATION IN ZAGREB AND ZAGREB COUNTY

Keywords: allergens, rhinoconjunctivitis, conjunctivitis, rhinitis, allergy test

Allergic rhinoconjunctivitis is an inflammatory response to allergens that accounts for 95% of all
allergic eye diseases. There are two forms of the disease: common seasonal caused by pollen al-
lergens and less common perennial caused by mites, hairs, epithelium, and animal excretions.

The aim of this study was to correlate the temporal and spatial distribution of pollen and other
aeroallergens with the appearance of allergic eye diseases among the adult population in Zagreb
and Zagreb County.

Aerobiological research was conducted from 2003 to 2006 at three locations in Zagreb, Samobor
and Ivanic¢ Grad, where pollen was sampled with a seven-day volumetric air Hirst type sampler for
pollen and spores. This epidemiological study comprised 2192 patients who came for an allergy test
for the first time. Every patient was asked to fill out a questionnaire that contained 29 questions. The
questionnaire served to gather as many data as possible about the patient and the nature of the health
problems. The skin allergy test was performed by the prick method.

The results showed that 86.72% of the patients were allergic to pollen allergens, 36.45% to mite
allergens, 2.46% to fungal spores and molds, and 5.1% to other allergens including cockroach,
feather and animal hair allergens. The majority of patients had symptoms of rhinoconjunctivitis (931,
42.5%), followed by conjunctivitis (621, 28.3%) and rhinitis (523, 23.9%). A small number of patients
had symptoms of skin allergy (117; 5.3%). Increased symptoms in patients allergic to pollen coin-
cided with the presence of pollen in the air. Patients sensitized to dust mites had symptoms through-
out the year with a slightly increased number of cases in April and June. In patients sensitized to
fungi and mold spores and animal hairs, the number of cases with worsening symptoms was equal
throughout the year.

"'University of Applied Sciences Velika Gorica, Zagrebacka c. 5, Velika Gorica, Croatia
2EKONERG, Energy and Environmental Protection Institute, Koranska 5, Zagreb, Croatia
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KVALITETA ZRAKA ZATVORENIH PROSTORA

Kljucéne rijedi: kvaliteta unutarnjeg zraka (IAQ), sindrom bolesne zgrade, mikrobioloska analiza
zraka

Ventilacija zgrada vrlo je vazan cimbenik koji osim na grijanje i hladenje utjece i na kvalitetu unu-
tarnjeg zraka (IAQ). Udovoljavanje samo fizikalnih cimbenika zraka zakonskim propisima ne znaci
nuzno i dobru kvalitetu zraka. Kod ispitivanja kvalitete zraka potrebno je osim fizikalnih odrediti i
njegove kemijske i bioloske cimbenike. U fizikalne cimbenike zraka spadaju temperatura, relativha
vlaznost te brzina strujanja zraka. Kod mjerenja temperature zraka bitna je njezina jednakost u ci-
Jeloj prostoriji. Osim temperature zraka vazna je i njegova relativna vilaznost. U klimatizacijskoj
tehnici pretpostavija se 35% kao donja i 70% kao gornja granica viaznosti zraka. Pri vlaznosti
zraka ispod 35%, koja moze nastati zimi unutar dobro zagrijanih prostora, zbog susenja odjece,
tepiha, namjestaja itd. lakse se stvara prasina i tinjanjem ove prasine na grijucim tijelima nastaju
plinovi koji nadrazuju disne organe. Osim toga, nastaje i susenje sluznice gornjih disnih putova. Iz
tog razloga zimi se preporuca vlazenje suhog zraka ovlazivacima. Privlaznosti zraka vecoj od 70%,
odaje se miris stvaranja plijesni, a vlaga ostecuje materijal. U zraku poslovne zgrade kao moguci
uzrocnici simptoma sindroma bolesne zgrade (SBS) Cesto se navode gradevinski materijal zgrade,
koncentracije CO,, boja, tepisi te formaldehidi. Vazno je napraviti 24 — satno mjerenje koncentra-
cije CO, u zraku kako bi se utvrdilo da li ista prelazi preporucenu maksimalnu vrijednost od 1000
ppm. Zrak moze biti zagaden i bakterijama, gljivicama te grinjama. Svi ovi mikroorganizmi mogu
utjecati na zdravlje, bilo pojavom infekcija ili, Sto je mnogo cesce, izazivanjem alergijskih reakcija.
Kako mu i samo ime kaze, u sindromu bolesne zgrade (SBS) bolesnik je zgrada u kojoj ljudi borave,
a njihove su smetnje tek posljedica stanja zgrade. Kako je kao najcesci uzrok smetnji navedena
kvaliteta zraka potrebno ju je i redovito ispitivati. Napravljeno je kompletno ispitivanje kvalitete
zraka (mjerenje fizikalnih, kemijskih cimbenika te mikrobioloska analiza zraka na bakterije i plijesni)
u nekoliko banaka u Hrvatskoj. U svim bankama zrak je bio dobre kvalitete. Temperature i relativne
vlaznosti bile su unutar granica propisanih domacom regulativom, koncentracije CO, bile su znatno
ispod preporucene vrijednosti 1000 ppm, sve bakterije koje su porasle bile su nepatogene.

! Nastavni zavod za javno zdravstvo ,,Dr. Andrija Stampar®, Mirogojska 16, 10 000 Zagreb
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INDOOR AIR QUALITY (IAQ)

Keywords: indoor air quality (IAQ), sick building syndrome, microbiological analysis of air

Building ventilation is an important factor that affects not only heating and cooling but also indoor
air quality (IAQ). Compliance of physical air qualities with legislative norms does not necessarily
guarantee good air quality. When testing air quality, in addition to physical qualities, it is also nec-

essary to determine the chemical and biological factors. Physical qualities include air temperature,

relative humidity and rate of air circulation. It is also important for the temperature to be equal
throughout the room. Besides air temperature, an important physical factor is also relative humid-

ity. Air conditioning assumes a lower and an upper humidity limit of 35% and 70%, respectively. At
humidity levels below 35%, which may arise during winter in well heated rooms due to drying clothes,

carpets, furniture and so on, dust can appear more easily. The glow of dust on heated objects can

create gases that irritate the respiratory system. Furthermore, drying of the mucous membranes of
the upper respiratory tract can also appear. For this reason, it is recommended to moisture dry air
with humidifiers during winter time. At air humidity levels higher than 70%, the scent of mold can

be felt and dampness can damage materials. Construction materials, CO, levels, paint, carpets and
formaldehyde are often cited as possible symptoms in the air causing sick building syndrome (SBS)

in commercial buildings. It is important to conduct a 24-hour measurement of CO, content in the air
to determine if it exceeds the recommended maximum value of 1000 ppm. Air can also be contami-
nated with bacteria, fungi and mites. These microorganisms can affect health, either by infection or,

more commonly, by causing allergic reactions. As its very name suggests, in sick building syndrome
(SBS), the patient is the building where people live, whose nuisances are merely a consequence of
the poor condition of the building itself. Given that air quality is the most commonly specified cause
of nuisances, it needs to be regularly examined. Air quality tests (measurement of physical qualities,

chemical factors and microbiological analysis of air to bacteria and fungi) were carried out in sev-
eral banks in Croatia. Good air quality was recorded in all of the banks. Temperature and relative
humidity levels were within the limits prescribed by national legislation, the CO, levels were sig-
nificantly below the recommended value of 1000 ppm, all of the recorded bacteria were non-patho-
genic.

! Andrija Stampar Teaching Institute of Public Health, Mirogojska 16, 10 000 Zagreb
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1ZVORI ONECISCENJA ZRAKA U SKOLAMA NA PODRUCJU
OSJECKO-BARANJSKE ZUPANIJE I KONCENTRACIJE
FORMALDEHIDA

Kljuéne rijeci: zrak zatvorenih prostora, izvori oneciséenja u skolama, koncentracije formaldehida

Ljudi u razvijenim zemljama 90% svog vremena provode u zatvorenom prostoru. Prema Svjetskoj
zdravstvenoj organizaciji (SZ0), oneciscen zrak zatvorenih prostora bio je uzrokom 4,3 milijuna
smrti u 2012. godini. Djeca nakon svojih domova najvise vremena provode u Skolama (4-6 sati
dnevno). Uredenje unutarnjeg skolskog prostora, udaljenost Skola od vanjskih oneciscéivaca i meto-
da provjetravanja moze utjecati na koncentracije kemijskih oneciscivaca zraka, a samim time i na
zdravlje djece. Tijekom 2012. i 2014. provedeno je istraZivanje kvalitete zraka u 15 Skola na podruc-
Ju Osjecko-baranjske Zupanije prema metodologiji SZO. Skole su odabrane metodom slucajnog
uzorka. Istrazivanjem je obuhvacen Regionalni prioritetni cilj 3 Parmske deklaracije. Istrazivanje
se sastojalo od anketnog ispitivanja ravnatelja, inspekcijskog pregleda skolskih zgrada i odabranih
ucionica i mjerenja kemijskih spojeva medu kojima je i formaldehid. Koncentracije formaldehida
mjerene su u 4 Skole i na vanjskim tockama ispred Skola. U svakoj skoli odabrane su 3 ucionice za
uzorkovanje. Zrak je uzorkovan pasivnim difuzijskim uzorkivacima tijekom Skolskog tjedna u zimskom
razdoblju. Uzorci su analizirani tekucinskom kromatografijom visoke djelotvornosti (HPLC) s UV
detektorom. Rezultati su ukazali na vanjske izvore oneciscenja zraka, tj. udaljenost skola od parki-
ralista, blizinu gustog cestovnog ili Zeljeznickog prometa, blizinu benzinskih postaja i industrijskih
postrojenja. Rezultati su ukazali i na izvore oneciséenja zraka unutar Skola, tj. na vrste materijala
unutar Skolskih zgrada (laminatni parket, drvo, iverica, boje, dezinfekcijska sredstva i sl.) i renovi-
ranja u proteklih 12 mjeseci i 5 godina. Koncentracije formaldehida u ucionicama kretale su se od
9,72 dol5,3 ug/m’ i 1,89 do 4,02 ug/m’ na vanjskim tockama ispred skola.

! Zavod za javno zdravstvo Osje¢ko-baranjske Zupanije, Franje Krezme 1, Osijek, Hrvatska

2 Hrvatski zavod za javno zdravstvo, Rockefellerova 7, Zagreb, Hrvatska

3 Sveudiliste u Zagrebu, Medicinski fakultet, Skola narodnog zdravlja dr. Andrija Stampar, Rockefellerova 4, Zagreb,
Hrvatska

4 Institut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb, Hrvatska

° Svjetska zdravstvena organizacija, Europski centar za okoli§ i zdravlje, Bonn, Njemacka

¢ Klini¢ki bolni¢ki centar Osijek, Josipa Huttlera 4, Osijek, Hrvatska
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SOURCES OF INDOOR AIR POLLUTION IN THE OSIJEK
BARANJA COUNTY SCHOOLS AND FORMALDEHYDE
CONCENTRATIONS

Keywords: indoor air, sources of pollution in schools, concentrations of formaldehyde

People in developed countries spend 90% of their time indoors. According to the World Health
Organization (WHO), in 2012 contaminated indoor air has caused 4.3 million deaths. After their
homes, children spend most of their time in schools (4-6 hours per day). In 2012 and 2014, research
was carried out in randomly selected 15 schools in the Osijek-Baranja County according to WHO
methodology. The research covered Regional Priority Goal 3 of the Parma Declaration. The research
consisted of school administration interviews, inspection of school buildings and selected classrooms
and measurement of indoor chemical pollutants including formaldehyde. Measurement of formalde-
hyde was carried out inside 4 schools and at outdoor points in front of the schools. In each school,
3 classrooms were selected. Indoor air was sampled by passive diffusion samplers during a school
week in winter. Samples were analysed by high performance liquid chromatography (HPLC) with
UV detector. The results indicated outdoor sources of air pollution, i.e. the troubling vicinity of the
schools to the parking lot, busy roads and railways, gas stations and industrial plants. The results
also indicated indoor sources such as the types of building materials (laminate, wood, plywood, paint,
disinfectants, etc.) and renovations done within the previous 12 months and 5 years. Formaldehyde
values ranged from 9.72 to 15.3 ug/m’ and 1.89 to 4.02 ug/m’ at outdoor points in front of schools.

! Institute of Public Health for the Osijek Baranya County, Franje Krezme 1, Osijek, Croatia

2 Croatian National Institute of Public Health, Rockefellerova 7, Zagreb, Croatia

3 University of Zagreb, School of Medicine, School of Public Health dr. Andrija Stampar, Rockefellerova 4, Zagreb,
Croatia

4 Institute for Medical Research and Occupational Health, Ksaverska cesta 2, Zagreb, Croatia

> World Health Organisation, European Center for Environment and Health, Bonn, Germany

¢ Clinical Hospital Center Osijek, Josipa Huttlera 4, Osijek, Croatia
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MIKROBIOLOSKA KONTAMINACIJA BIOAEROSOLA
EMULZIJA ZA OBRADU I HLADENJE METALA I UTJECAJ
NA ZDRAVLJE RADNIKA

Kljucéne rijeci: bioaerosoli, obrada metala, zdravstveni ucinci

Emulzije za obradu metala su sloZene tekucine koje se koriste za hladenje i podmazivanje pri obra-
di metala kao i za odstranjivanje metalnih strugotina koje nastaju u procesima struganja, oblikova-
nja ili busenja. Zadnjih desetak godina u svijetu se uvelike obraca pozornost na kontrolu cistoce
emulzija jer se utvrdilo da bioaerosoli sadrze niz mikroorganizama i endotoksina koji mogu znacaj-
no utjecati na zdravlje radnika. Pri radu, emulzije zbog visokih temperatura, velike brzine rotacije
stroja i pritiska u sapnici kojim emulzija dolazi na stroj, tvore aerosole ili maglice u kojima se moze
nalaziti veca kolic¢ina spora, bakterija i gljivica. U takvim uvjetima radnicimogu biti izloZeni razli-
ditim patogenim organizmima koji, ovisno o kojoj frakciji aerosola se radi (inhalacijska, torakalna,
respirabilna) ulaze u razlicite segmente disnih putova. Istrazivanja su pokazala da inhalacija aero-
sola emulzija pri obradi metala moze uzrokovati iritaciju disnih putova, hipersenzitivni pneumonitis,
astmaticne simptome, kronicni bronhitis kao i iritaciju koze i ociju Sto moze biti posljedica kemijskog
sastava emulzija ali i bioloskih ¢imbenika u aerosolima.

Uzorci aerosola i emulzija za mikrobioloska ispitivanja uzeti su u mehanickoj radioni gdje su se
radnici tijekom godina Zalili na crvenilo koze i respiratorne probleme. Determinacija vrste mikro-
organizama ucinjena je koristeci proteomski pristup CAF-/CAF+ MALDI MS/MS (engl. chemically
activated fragmentation negative/chemically activated fragmentation positive matrix assisted laser
desorption/ionization tandem mass spectrometry).

Uvidom u vrste mikroorganizama moguce je utvrditi porijeklo zdravstvenih problema. Pri procjeni
utjecaja bioloskih cimbenika osim vrste mikroorganizama (kvalitativni i kvantitativni opis) treba
ukljuciti endotoksine, biomolekule antigena kao i analizu mikotoksina. Da bi se razumjelo kako ke-
mija i biologija fluida za obradu metala uz upravljanje sustavom utjece na zdravlje radnika nuzna
Jje interdisciplinarna suradnja epidemiologa, biokemicara, proizvodaca kemikalija, imunologa,
specijalista medicine rada, kao i poslodavca u cilju unapredenja zastite zdravlja radnika.

"'INA d.d., Centralni ispitni laboratorij, Lovin¢i¢eva 4, Zagreb
2 Prehrambeno-Biotehnoloski fakultet, Laboratorij za biologiju i genetiku mikroorganizama, Zagreb, Pierottijeva 6
3 Institut “Ruder Boskovi¢”, Centar za proteomiku i spektrometriju masa, Zagreb, Planinska 1
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MICROBIAL CONTAMINATION OF METALWORKING
FLUID BIOAEROSOLS AND HEALTH RISKS TO THE
EXPOSED WORKERS

Keywords: bioaerosols, metalworking, health effects

Metal working fluids are complex liquids used for cooling and lubrication in metal processing as
well for the removal of metal shavings that form in the process of metal grinding, shaping or drilling.
During the past decade, the world of metalworking has become increasingly aware of the importance
of “good housekeeping” with regard to metalworking fluid emulsions because it was established
that bioaerosols contain a number of microorganisms and endotoxins that can significantly affect
worker health. During operation, due to the high temperature, high speed rotation of the machine
and pressure in the nozzle by which the emulsion reaches the machine, aerosols and mist form and
may contain a larger quantity of spores, bacteria and fungi. Workers can thus be exposed to a vari-
ety of pathogenic organisms that, depending on the aerosol fraction (inhalable, extrathoracic, tho-
racic, and respirable), enter into various airway segments. Studies have shown that metalworking
fluid aerosol inhalation may cause irritation of the respiratory tract, hypersensitivity pneumonitis,
asthma symptoms, chronic bronchitis and skin and eye irritation which may be due to the metalwork-
ing fluid chemical composition or biological agents in aerosols.

Samples of aerosols, mist and emulsions for microbiological analyses were taken directly on growth
plates in a mechanical workshop where over the years workers complained of skin and respiratory
problems.

The microorganism determination was performed using the proteomic approach CAF-/CAF+
MALDI MS/MS (chemically activated fragmentation negative/chemically activated fragmentation
positive matrix assisted laser desorption/ionization tandem mass spectrometry).

After examining the types of microorganisms, it was possible to determine the origin of the health
problems; however, in assessing the impact of biological factors, apart from microorganism type,
endotoxins, antigen biomolecules and mycotoxins should also be included.

For a complete understanding how metalworking fluid chemistry and biology combined with metal-
working system management affect the health of workers, interdisciplinary cooperation of epidemi-
ologists, biochemists, chemical manufacturers, immunologists, occupational medicine as well as
employers is necessary.

"'INA d.d.,Central Testing Laboratory, Lovin¢i¢eva 4, Zagreb
2 Faculty of Food Technology and Biotechnology, Laboratory for Biology and Microbial Genetics, Zagreb, Pierotti 6
3 “Ruder Boskovi¢” Institute, Centre for proteomics and mass spectrometry, Zagreb, Planinska 1
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UCINCI ONECISCENJA ZRAKA NA LJIUDSKO ZDRAVLJE
Kljuéne rijeci: oneciscéenje zraka, ucinci na zdravlje, preventivne mjere

Oneciscenje zraka ekoloski je problem koji predstavlja ozbiljnu opasnost za ljudsko zdravlje. Opasne
kemijske tvari oslobadaju se u okolis uslijed brojnih prirodnih i ljudskih aktivnosti u koncentracija-
ma koje ugrozavaju ljudsko zdravlje i okolis. Opasnost nagomilavanja oneciscenja zraka, zbog is-
pusnih plinova automobila, industrije, fosilnih goriva u domacinstvima te slozenih kemijskih reak-
cija, posebice je izrazeno u industrijaliziranim i urbanim podrucjima. Plinovi (dusikovi oksidi,
sumporni dioksid, ugljicni monoksid, ozon, hlapljivi organski spojevi), teski metali (olovo, arsen,
kadmij, ziva), postojani organski oneciscéivaci (dioksini), policiklicki aromatski ugljikovodici, a po-
sebice lebdece cestice najvazniji su oneciscivaci zraka s negativnim ucinkom na ljudsko zdravlje i
okolis

Istrazivanja nedvojbeno dokazuju povezanost nepovoljnih zdravstvenih ucinaka s izloZenoscéu one-
ciscenom zraku u zatvorenom i vanjskom prostoru. Ucinci na zdravije krecu se u rasponu od laganih
simptoma respiratornog sustava, pa sve do ozbiljnih bolesti respiratornog i kardiovaskularnog su-
stava, rak pluca te povecanog broja smrtnih ishoda. Prema procjenama Svjetske zdravstvene orga-
nizacije oneciscenje zraka u 2012. godini izazvalo je smrt sedam milijuna ljudi diljem svijeta. Broj
smrti se udvostrucio od proslog predvidanja (2008) zbog cega je oneciscenje zraka postalo najveci
rizik za zdravlje iz okolisa. Ova brojka predstavlja 12,5% od ukupnog broja umrlih u svijetu, dakle
1 od 8 smrtnih slucajeva, Sto je enormno veliki udio koji izaziva zabrinutost. Oneciscenje atmosfere
uzrokovalo je smrt 3,7 milijuna ljudi, a cak 4,3 milijuna uslijed oneciscenja zraka u zatvorenom
prostoru. Zemlje jugoistocne Azije i zapadnog Pacifika s niskim i srednjim prihodima su bile najvi-
Se pogodene 2012. godine, sa 3,3 milijuna smrti povezanima sa zagadenjem unutar prostorija i 2,6
milijuna smrtno stradalih od vanjskog oneciséenja. Oneciscéenje zraka predstavija sve veci je rizik
za zdravlje nego se dosad mislilo, osobito za bolesti srca i mozZdani udar. Posebno je ugroZen osjet-
ljiviji dio populacije: djeca, trudnice, starije osobe i kronicni bolesnici.

Utvrdivanje izvora oneciscenja, smanjenje emisija na izvorima oneciscenja, mjerenje koncentracija
oneciscujucih tvari na strateskim lokacijama, zakonska regulativa preventivne su mjere kojima se
C¢uva okolis i doprinosi zdravlju.

! Sveugilidte u Zagrebu, Medicinski fakultet, Skola narodnog zdravlja ,,Andrija Stampar
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THE EFFECTS OF AIR POLLUTION ON HUMAN HEALTH

Keywords: air pollution, health effects, preventive measures

Air pollution is a major environmental problem that poses a serious threat to human health. Hazard-
ous chemicals escape into the environment through a number of natural and anthropogenic activities
and may cause adverse effects on human health and the environment. The risk of air pollution ac-
cumulation due to automobile exhaust, industry, fossil fiel in households and complex chemical
reactions, is particularly pronounced in industrialized and urban areas. Gases (carbon monoxide
(CO), ozone (03), nitrogen oxide (NOx) and sulphur dioxide (SO,), volatile organic compounds),
heavy metals (lead, mercury, arsenic, cadmium,), persistent organic pollutants (dioxins), and poly-
cyclic aromatic hydrocarbons, especially respirable particulate matter, are the most important air
pollutants with a negative effect on human health and the environment.

Studies have proven a link between adverse health effects and exposure to air pollution, indoors and
outdoors. Health effects range from light respiratory symptoms to serious diseases of the respira-
tory and cardiovascular system, cancer of the lung and increased mortality. According to a World
Health Organization report from 2012, exposure to air pollution caused seven million deaths annu-
ally, and was responsible for 1 in 8 global deaths. The figure of 7 million more than doubles the
previous estimate of annual air pollution-caused deaths (2008), making air pollution the world’s
currently largest single environmental health risk. Air pollution caused the death of 3.7 million
people, and as many as 4.3 million due to air pollution indoors. The countries with the most air pol-
lution were low- and middle-income countries in the Southeast Asia and Western Pacific regions. A
total of 3.3 million deaths were linked to indoor air pollution in these countries, and 2.6 million
deaths were related to outdoor air pollution. Air pollution is a greater health risk than previously
thought, particularly for heart disease and stroke. It especially threatens vulnerable parts of the
population: children, pregnant women, the elderly, and the chronically ill.

Measures that undoubtedly serve to protect the environment and human health include determining
the source of pollution, reducing emissions at the source of pollution, measuring the concentration
of pollutants at strategic locations, legislation preventive, etc.

! University of Zagreb, School of Medicine, School of Public Health ,,Andrija Stampar
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SVJETSKI TRENDOVI OPSKRBE I POTROSNJE AZBESTA
OD 1999. DO 2013.

Kljucéne rijeci: koristenje azbesta u svijetu, pregled

Mnoge zemlje na nacionalnoj razini su poduzele mjere za zabranu i koristenje svih vrsta azbesta
kako bi ogranicile izloZenost, nadzirale, sprijecile i konacno eliminirale bolesti povezane s azbestom.
Prema podacima Svjetske zdravstvene organizacije (WHO) 125 milijuna ljudi svakodnevno je na
radnim mjestima izloZeno bijelom azbestu, a Medunarodna organizacija rada (ILO) procjenjuje da
vise od 100,000 radnika umire svake godine od azbestom uzrokovanih bolesti. Unato¢ globalno
prihvacenom dogovoru o zabrani rudarenja, prerade i trgovine azbestom, njegova proizvodnja i
obrada nije smanjena, a u nekim zemljama potrosnja je c¢ak povecana. Na poticaj Medunarodnog
tajnistva za zabranu azbesta (IBAS) iz Ujedinjenog Kraljevstva detaljno je prikazana svjetska proi-
zvodnja i potrosnja azbesta od 2011. do 2013. Izvorni podaci za 2011., 2012. i 2013. godinu su
preuzeti iz godisnje publikacije U.S. Geological Survey Minerals Yearbook Chapter on asbestos.
Podaci o uvozu i izvozu azbesta za pojedinu zemlju preuzeti su od United Nations Statistical Divisi-
on at http://unstats.un.org/unsd/default. htm. Ukratko, posljednji podaci na globalnoj razini pokazu-
Ju da vodeca pozicija u proizvodnji azbesta pripada Rusiji sa znacajnim porastom u 2013. godini.
Kina ne pokazuje znacajno smanjenje od 2011.- 2013. godine., tako da i dalje ostaje vodeca zemlja
u svjetskoj potrosnji azbesta s 580 000 t u 2012., sto predstavija 28.1% ukupne svjetske potrosnje.
Mora se naglasiti da podaci o uvozu koje daje neka zemlja nisu isti sumi izvoza izvjestenog od dru-
gih zemalja i vice-versa. U tim slucajevima brojevi koji su ukljuceni u tablice odabrani su temeljem
industrijskih trendova. Trgovinski podaci se Cesto preispituju pa je izracun potrosnje trenutan snimak
stanja od 20. srpnja 2012. godine koji se u buducnosti moze mijenjati u skladu s novim podacima.
Nadalje, prikazan je pregled prosjecne potrosnje azbesta kao i postotak za vodece potrosace od 2000.
do 2012 godine., na globalnoj razini. Podaci su uprosjeceni kroz 3-godisnji interval, pa pokazane
vrijednosti za godinu 2001. predstavijaju srednju vrijednost potrosnje za 1999., 2000. i 2001. godi-
nu. Od 1999. godine vodece tri pozicije u potrosnji azbesta na globalnoj razini pripadaju Kini sa
28,1%, Indiji sa 18,3% i Rusiji sa 13,6% udjela.

! Institut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb, HRVATSKA
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WORLDWIDE ASBESTOS SUPPLY AND CONSUMPTION
TRENDS FROM 1999 THROUGH 2013

Keywords: world asbestos usage, overview

Many countries have already taken action at a national level to prohibit the use of all forms of as-
bestos to limit exposure and so control, prevent and ultimately eliminate asbestos-related diseases.
The World Health Organization (WHO) says that 125 million people still encounter white asbestos
in the workplace, and the International Labour Organization (ILO) estimates that more than 100,000
workers die each year from all asbestos-related diseases. In spite of globally accepted agreement
on global ban of asbestos mining, processing and trade, its production is not falling and in some
countries consumption has even increased. At the encouragement of International Asbestos Bann
Secretariat (IBAS) from United Kingdom World’s asbestos fiber production and consumption from
2011 till 2013 will be presented in details. Source for production data was the 2011, 2012, 2013 U.S.
Geological Survey Minerals Yearbook chapter on asbestos. Sources for import and export data were
the United Nations Statistical Division at http://unstats.un.org/unsd/default.htm. In brief, latest
global data have shown that in asbestos production Russia hold leading position with significant
increase in 2013. Although China recorded no significant decrease from 2011, 2012 and 2013, it
still remain leader in world’s asbestos consumption with 580 000 t in 2012, which presents 28.1%
of global asbestos usage. It should be underlined that imports reported by one country do not equal
the sum of the exports reported by other countries and vice-versa. In these cases, the number in-
cluded in the table was selected based on industry trends. Trade data is frequently revised so appar-
ent consumption calculation is a snapshot as of July 20, 2012, and may change in the future as new
data is obtained. Furthermore, an overview of average asbestos fiber consumption and percentage
of global use for leading asbestos consumers from 2000 till 2012 will be shown. Data were averaged
over 3-year intervals, thus recorded values under year 2000 are consumptions for 1999, 2000 and
2001. From the year 1999, the first three leading positions in asbestos consumption goes to China
with 28.1%, India with 18.3% and Russia with 13.6% of global use of asbestos.

! Institute for Medical Research and Occupational Health, Ksaverska ¢ 2, Zagreb, CROATIA
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Ivaskovié¢ R.', Glazar B.!, Bistri¢i¢ I.' i Emling M.!

UKLANJANJE AZBESTNE IZOLACIJE U POSEBNIM I
SPECIFICNIM UVJETIMA TE DEKONTAMINACIJA
PROSTORA NA ZAPOVJEDNOM BRODU 6. FLOTE

AMERICKE RATNE MORNARICE USS MOUNT WHITNEY

Kljuéne rije€i: azbest, opasnost, uklanjanje azbestne izolacije, dekontaminacija prostora, organi-
zacija i koordinacija

Azbest je prirodni viaknasti mineral iz skupine silikata. Ima nisku toplinsku i elektricnu vodljivost,
iznimnu ¢vrstocu te je otporan na visoke temperature i na djelovanje kemikalija. Nakon desetljeca
primjene materijala koji sadrZe azbest u najrazlicitijim podrucjima gospodarstva, brojnim je ispiti-
vanjima potvrdeno Stetno djelovanje azbestnih vlakana na ljudsko zdravlje. Azbest spada u skupinu
deset supstanci koje imaju najveci karcinogeni potencijal za zlocudne tumore. Kada se nadu slobod-
ni u zraku, azbestna vlakna i prasina imaju vrlo nepovoljan utjecaj na zdravlje ljudi i Zivotinja, jer
pri udisanju dospijevaju u disne organe i dugorocno Stete zZivim bicima koja su mu izloZena.

U razvijenim zemljama, kao i kod nas, azbest je zabranjen, ali jos je uvijek sveprisutan u nasem
okruzenju i radi se na njegovom sustavnom uklanjanju. Republika Hrvatska donijela je niz propisa
kojima se regulira postupanje s materijalima koji sadrze azbest i propisane su stroge mjere zastite
priradu s tim materijalima. IND-EKO d.o.0. ima visegodisnje iskustvo u radu s posebnim kategori-
Jjama otpada, medu koje spadaju i materijali koji sadrze azbest. Tvrtka posjeduje najsuvremeniju
opremu za siguran rad s azbestom, ima educirano i specijalizirano osoblje, kao i sve potrebne do-
zvole od nadleznih institucija za gospodarenje ovom vrstom otpada te znacajne reference u sanaci-
Jjama azbestom kontaminiranih prostora i podrucja.

S jednim od najzahtjevnijih pothvata uklanjanja materijala koji sadrze azbest tvrtka se susrela pri-
likom izvodenja radova na zapovjednom brodu 6. flote americke ratne mornarice USS Mount Whit-
ney, gdje se skidanje azbestne izolacije radilo u sklopu remontnih radova u brodogradilistu. Radovi
su izvedeni u nekoliko faza, s obzirom na obujam posla, zahtjevnost i otezani pristup mjestima na
kojima je bilo potrebno izvrsiti uklanjanje azbestne izolacije, primjenom specijalne opreme i anga-
zmanom posebno obucenih radnika tvrtke IND-EKO d.o.o. za ovakvu sloZenost radova. Po izvedenim
radovima uklanjanja, izvrSena je kompletna dekontaminacija prostora, uz uzorkovanje zraka u
radnom prostoru od strane ovlastenog laboratorija, ¢ime je potvrden izostanak azbestnih vlakana u
atmosferi i okoncanje radova. Dodatnu je otezavajucu okolnost predstavijala cinjenica da su na
brodu u vrijeme izvodenja radova neprestano bili prisutni i drugi radnici angazirani na remontu te
posada broda, sto je iziskivalo detaljnu i stru¢nu pripremu, posebice prilikom hermetickog odjelji-
vanja prostora u kojima se radovi vrse, te izvrsnu organizaciju, koordinaciju i komunikaciju s naru-
citeljem radova i s preostalim sudionicima u remontnim radovima.

"' IND-EKO d.o.0., Korzo 40, 51000 Rijeka
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ASBESTOS INSULATION REMOVAL IN SPECIAL AND
SPECIFIC CONDITIONS AND DECONTAMINATION OF
WORKSPACE ABOARD THE US NAVY’S 6" FLEET
FLAGSHIP USS MOUNT WHITNEY

Keywords: asbestos, danger, asbestos insulation removal, decontamination of workspace, organi-
zation and coordination

Asbestos is a natural mineral fiber from the group of silicates. It has a low thermal and electrical
conductivity, extreme strength, and is resistant to high temperature and chemicals. Asbestos-con-
taining materials have been used for decades in various applications, until numerous laboratory tests
have confirmed the harmful effects of asbestos fibers on human health. Asbestos belongs to the group
of ten substances that have the greatest carcinogenic potential for malignant tumors. Floating
freely in the air, asbestos fibers and dust have a strong adverse effect on human and animal health.
Once inhaled, they penetrate the respiratory system and have long term effects on living beings.

In developed countries, as well as in the Republic of Croatia, asbestos is prohibited; however it is
still present in our surroundings and its systematic elimination is in process. The Republic of Croa-
tia adopted a series of regulations, governing the handling of materials containing asbestos and
prescribing strict safety measures for manipulation of asbestos materials. The IND-EKO Company
has had many years of experience in managing special categories of waste, among which are mate-
rials containing asbestos. The company possesses the latest equipment for the safe handling of as-
bestos, trained and specialized staff as well as the necessary permits from authorized institutions for
the management of this type of waste and significant references in the recovery of asbestos-contam-
inated areas.

One of the most demanding ventures in removing such materials performed by the IND-EKO took
place aboard the US Navy’s 6" Fleet Flagship USS Mount Whitney, where asbestos-containing in-
sulation removal was done as part of overhaul works. The works were performed in several phases
with regard to volume and complexity of the works as well as difficult accessibility using special
equipment and engaging well-trained operators. After the removal, the complete decontamination
of the workspace was conducted alongside air sampling by an authorized laboratory to prove the
absence of asbestos fibers in the atmosphere and proclaim the decontamination process success-
fully completed. An additional aggravating circumstance was the presence of the other workers
engaged on overhaul works, as well as the crew members on-board, therefore detailed and careful
preparation was required, especially during hermetic separations of workspaces. Apart from these,
excellent organization, coordination and communication with the Client and the other overhaul
participants were crucial.

"' IND-EKO d.o.o0., Korzo 40, 51000 Rijeka
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KONCENTRACIJA UKUPNIH I AZBESTNIH VLAKANA U
ZRAKU NA PODRUCJU GRADA KARLOVCA, PLOCA I
VRANJICA

Kljuéne rijeci: PLM, azbest u zraku, mikroskopija

Radi odredivanja koncentracije ukupnih i azbestnih viakana uzorkovan je zrak na odredenim mjernim
mjestima na podrucju grada Karlovca, Ploca i Vranjic. Uzorkovanje je provedeno u neposrednoj
blizini djecjeg vrtica u Karlovcu, na prostoru izmedu zgrade policijske i Zeljeznicke postaje Ploce,
te u blizini nogometnog igralista Vranjic. Uzorkovanja su provedena pri ugodnom, suhom, sun¢anom
vremenu bez oborina. Uzorci zraka su uzimani na visini zone disanja racunajuci od podloge. Kon-
centracija ukupnih i azbestnih viakana odredena je koristenjem metode membranske filtracije.
Uzorci su analizirani koristenjem mikroskopa s polarizacijskim svjetlom (PLM). Analiza je pokaza-
la prisustvo azbestnih vlakna respirabilne velic¢ine u zraku na mjernom mjestu neposredno uz zgra-
du policijske i Zeljeznicke postaje Ploce i u blizini nogometnog igralista Vranjic. Na mjernom mjestu
u neposrednoj blizini zgrade policijske i Zeljeznicke postaje izmjerena je koncentracija ukupnih
viakana od 0.007 vi/cm?® zraka, dok koncentracija azbestnih viakana iznosila je 0.002 vl/cm®. Na
mjernom mjestu u blizini nogometnog igralista Vranjic odredena je koncentracija ukupnih viakana
od 0.003 vi/cm?® te azbestnih od 0.001 vi/cm® zraka. Na mjernom mjestu djecji vrti¢ u Karloveu odre-
dena je koncentracija ukupnih viakana od 0,09 vl/cm?, prisutnost azbestnih viakana nije utvrdena.
U Hrvatskoj nisu propisane maksimalno dozvoljene vrijednosti respirabilne velicine azbestnih via-
kana u zraku u opcem okolisu. Medutim, dobivene pozitivne vrijednosti azbestnih vlakana respira-
bilne velicine na mjernim mjestima u gradovima Ploce i Vranjic su ispod vrijednosti odredene
Pravilnikom o zastiti radnika od rizika zbog izlaganja azbestu NN 40/07, Zakona o zastiti na radu
(NN 59/96; NN 94/96, NN 114/03 i NN 100/04) Republike Hrvatske, gdje je Clankom 9 propisano
da u osmosatnom vremenski prilagodenom prosjeku nijedan radnik nije izloZen koncentraciji azbe-
sta u zraku vecoj od 0,1 viakno na cm?.

! Institut za medicinska istrazivanja i medicinu rada, Ksaverska cesta 2, Zagreb, HRVATSKA
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CONCENTRATION OF TOTAL AND ASBESTOS FIBERS IN
THE AIR AT THE CITY OF KARLOVAC, PLOCE AND
VRANJIC

Keywords: PLM, asbestos in air, microscopy

In order to determine the concentration of asbestos fibres in air from three locations at the towns of
Karlovac, Ploce and Vranjic was sampled. Locations were near the police building and the train
station of town Ploce, near the football field at Vranjic, and the nearby kindergarten at Karlovac.
Sampling was conducted during dry, stable and sunny weather without precipitation. Samples were
analyzed by means of polarized light microscopy (PLM). Samples of air were taken at the height of
the breathing zone starting from the ground. The concentration of total and asbestos fibers was
determined using membrane filter method. The analysis showed the presence of asbestos fibers in
the air of respirable size at the location near the building of the police and railway station at Ploce
and near the football field at Vranjic. At the location near the police building and the train station
measured concentrations of total fibers of 0.007 fibers/cm® of air, while the concentration of asbes-
tos fibers was 0.002 fibers/cm®. At the location near the football field Vranjic the concentration of
the total fibers was 0.003 fibers/cm® and asbestos fiber concentration was 0.001 fibers/cm’® of air. At
the location near kindergarten Karlovac, concentration of total fibers in air was 0.09 fibers/cm’?,
where the presence of asbestos fibers has not been determined. In Croatia, allowable values of re-
spirable size of asbestos fibers in the air in the general environment are not prescribed. Obtained
positive values of respirable asbestos fibres in the general environment in the city of Ploce and
Vranjic are below that specified by the Croatian Occupational Safety and Health Law (O.G. 59/96,
94/96, 114/03 and 100/04), and the Risks related to exposure of workers to asbestos bylaw (O.G.
40/07), where the Article 9. instructs that the eight-hour time-adjusted average single worker is al-
lowed to be exposed to a concentration of asbestos in the air no more than 0.1 fibres per cm?’.

! Institute for Medical Research and Occupational Health, Ksaverska ¢ 2, Zagreb, CROATIA
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Murlis J.!, van Ham J.! and Reichert T.!

DEVELOPING A FRACTION BY FRACTION APPROACH TO
REDUCING HARM FROM AIR-BORNE PARTICLES

Keywords: PM, EFCA, ultrafine fraction, chemical composition

As the evidence of their impacts accumulates, it becomes clearer that air-borne particles (PM) are
a major target for policies that will reduce harm from air pollution. However, air borne particles
come in many forms and sizes and have a wide range of chemical composition. The development of
effective policies requires that those parts of the particulate population that give rise to the most
significant harm should be especially targeted. EFCA has advocated the fraction by fraction approach
to PM regulation, on the basis of evidence of health effects, sources and options for measurement
and control.

This presentation will summarise the evidence base associated with PM and its implications for
management.

1t is concluded that the metrics used at present, PM,, and PM,;, are unhelpful for implementing
legislation aimed at managing health and wider impacts of PM: they ignore the different impacts of
fractions of particulate matter, both in size and chemical composition, have on toxicities and do not
connect to sources in sufficient detail. As a result the overall effectiveness and cost-effectiveness of
PM-policies cannot be optimised.

Only a fraction-by-fraction approach appears to be effective. This means taking into account, in
addition to PM-fractions presently in use (PM,s and PM ), the ultrafine fraction and its chemical
composition. Such an approach — which could include particle numbers concentration — should
consider the aerosol fractions of black carbon, organic carbon and (heavy) metals. Of these, it seems
that the database on organic aerosols needs further development, despite the evidence on their health
impacts accumulated in recent years.

' EFCA-European Federation of Clean Air and Environmental Protection Associations
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CURRENT TASK FORCE ON HEALTH ACTIVITIES WITHIN
THE CONVENTION ON LONG-RANGE TRANSBOUNDARY
AIR POLLUTION

Keywords: WHO, TFH, health effects, air pollution, EMEP

The 1979 Geneva Convention on Long-range Transboundary Air Pollution is an important mechanism
aiming to improve air quality and reduce the effects of air pollution on health and ecosystems in most
of the WHO European Region and beyond. The Task Force on the Health Aspects of Air Pollution
is a joint body of the World Health Organization (WHO)/European Centre for Environment and
Health (ECEH Office, Bonn, Germany) and the UNECE Executive Body for the Convention on Long-
range Transboundary Air Pollution.
WHO coordinates the work of the Task Force on Health/TFH, which was established in 1998 within
the Convention. TFH works to quantify how long-range transboundary air pollution affects human
health, and helps define priorities to guide future monitoring and abatement strategies. It also ad-
vises on monitoring and modeling activities to improve the quality of assessments.
Furthermore, TFH provides evidence on the health effects of air pollution, supports documentation
and promotes use of the Convention’s instruments to address these effects. Members include experts
designated by countries that are parties to the Convention.
The TFH activities are based on estimates of air pollution concentrations (particularly those derived
by the Cooperative Programme for Monitoring and Evaluation of Long-range Transmission of Air
Pollutants in Europe — EMEP), and on the results of hazard assessment carried out by WHO (for
example, as part of revising its air quality guidelines).
Current TFH activities deals with the

- progress in research on health impacts of particulate matter and ozone, including new

evidence on economic evaluation of health effects of air pollution;

- ongoing update and revision of the EU air policy;,

- communication and public health messages for air pollution at national and local level;

- status of monitoring and modeling of air pollution and its health impacts in countries of Eastern

Europe, the Caucasus and Central Asia.

' WHO Collaborating Centre for Air Quality Management and Air Pollution Control at the Federal Environment Agency,
Berlin, Germany
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25 YEARS OF ATMOSPHERIC AEROSOL RESEARCH AT
THE ATOMKI, DEBRECEN, HUNGARY

Keywords: PM,, PM,; concentration, elemental composition, PIXE, radiocarbon dating of carbo-
naceous components

In the Laboratory of lon Beam Applications (IBA) of the Institute of Nuclear Research for the Hun-
garian Academy of Sciences (ATOMKI), systematic investigation of aerosol samples have been
performed with the use of the accelerator-based PIXE (Particle Induced X-ray Emission) elemental
analytical technique since 1988. A continuously broadened database has been created relating to
PM,, (particles with an aerodynamic diameter smaller than 10 um), PM, s (particles with aerody-
namic diameter smaller than 2.5 um) aerosol mass, black carbon content and main elemental com-
ponents. On this basis, the elemental composition, size distribution, seasonal and long term time
variation and sources of atmospheric aerosol characteristic for eastern Hungary region is investi-
gated.

This research was widened with time- and size-resolved aerosol investigation and calculation of lung
deposition probabilities in order to obtain additional and more precise information on aerosol
sources and health impact. Quantitative single particle analysis was carried out on a Debrecen
scanning nuclear microprobe on samples interesting from the point of view of aerosol evolution,
formation and ageing of particles, and health effects.

Recently, aerosol research was expanded with the determination of fossil and non-fossil carbonaceous
components of atmospheric particulate matter (APM) by using the novel accelerator mass spectrom-
etry (AMS) technique. The radiocarbon dating of APM is now routinely done at the new state-of-the-
art MICADAS AMS of the ATOMKI.

Currently, we are focused on the environmental and health impact of atmospheric aerosols including
source characterization, indoor aerosols and personal exposure.

! Institute for Nuclear Research, Hungarian Academy of Sciences, H-4026 Debrecen, Bem tér 18/c, Hungary
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Cretnik J.! i Slibar M.!

UMJERAVANJA AMS ZA PRASINU KOD EKSTREMNIH
UVJETA

Kljucéne rijeci: monitoring emisije cestica, tehnike mjerenja Cestica, kalibracija AMS za mjerenje
Cestica, studije primjera QAL2 i AST.

Mjerenja emisija onecis¢ujucih tvari propisuju direktive Europske unije i nacionalna zakonodavstva,
narocito kontinuirano pracenje kod velikih izvora oneciscenja. Jedan od parametara, vaznih za
kvalitetu zraka, kojeg je tesSko kontinuirano mjeriti su Cestice. AMS za mjerenje Cestica je mjerni
sustav, koji je trajno instaliran na mjernom mjestu za kontinuirano pracenje emisije prasine na
izvorima oneciscenja. Postoji nekoliko razlicitih mjernih principa (Opacity, Scintillation, Light
Scattering, 5-Attenuation, Tribo-electric, Electro-dynamic i Oscillating filter) za automatske sustave
za mjerenja cestica, a svaki od njih ima prednosti i nedostatke za razlicite aplikacije. Vecina njih ne
mjeri Cestice izravno, nego neku drugu fizikalnu velic¢inu, ovisno o koristenom mjernom principu.
Stoga ih treba kalibrirati pomocu referentne metode, to jest gravimetrijom. To nije problem kod ti-
picnih aplikacija, medutim poteskoce nastaju pri ekstremnim uvjetima, kao sto su kanali velikih di-
menzija iznad 15 m unutarnjeg promjera, veliki dimnjaci u kombinaciji sa visokim koncentracijama
Cestica, ili vrlo niske koncentracije Cestica ispod Img/m’* (niske grupe).

Laboratorij firme RACI d.o.o. provodio je tijekom posljednjih pet godina mjerenje cestica dostupnim
mjernim principima automatskih mjernih sustava za mjerenje cestica (AMS za mjerenje Cestica),
rucne tehnike za umjeravanje AMS za mjerenje Cestica i nekoliko studija slucaja kalibracije AMS za
prasinu (QAL2 i AST sukladno zahtjevima standarda EN14181 i EN 13284-2) vodedi racuna o os-
novnim zahtjevima za osiguranje kvalitete AMS za mjerenje Cestica kod ekstremnih uvjeta u razlici-
tim industrijama. Mjerenje Cestica (rucno ili automatsko) nije jednostavan zadatak i pri provodenju
mjerenja treba uvaziti mnogo ogranicenja.

'RACI d.o.0., Tehnoloski park 24, SI-1000 LIJUBLJANA, SLOVENIJA
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Cretnik J.! and Slibar M.!

CASE STUDIES OF DUST AMS CALIBRATION AT EXTREME
CONDITIONS

Keywords: particulate matter emission monitoring, dust AMS, particulate matter measurement
techniques, dust AMS calibration, QAL2 and AST case studies

Emission measurements are required by European Union directives and national legislations, par-
ticularly continuous monitoring at large pollution sources. A parameter important for ambient air
quality but difficult to measure continuously is particulate matter (dust). Dust AMS is a measuring
system permanently installed on-site for continuous monitoring of dust emissions. Several different
measurement principles for particulate matter automated measurement systems (dust AMS) exist
(Opacity, Scintillation, Light Scattering, [3-Attenuation, Tribo-electric, Electro-dynamic and Oscil-
lating filter), all of which have their pros and cons for different applications. Most of them do not
directly measure particulate matter, but rather some other physical quantity, which depends on the
measurement principle used, and need to be calibrated by a manual reference method, i.e. gravi-
metrically. This may not be a problem with typical applications, but difficulty increases rapidly when
dealing with extreme conditions, such as large stack dimensions above 15 m internal diameter, large
stacks combined with high concentrations of particulate matter, or very low concentrations of par-
ticulate matter below 1 mg/m’ (low clusters). This paper deals with the available measurement
principles for dust AMS, basic quality assurance requirements for dust AMS, manual techniques for
calibration of dust AMS and several case studies of dust AMS calibration (QAL2 and AST in ac-
cordance with the requirements of the standards EN14181 and EN 13284-2) at extreme conditions,
performed during the last five years by RACI d.o.o. in different industries. The work also shows that
the measurement of particulate matter (manual or automatic) is a difficult task that should take into
account various constrains.

"RACI d.o.o0., Tehnoloski park 24, SI-1000 LJUBLJANA, SLOVENIJA
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Radenkovi¢ M.! i Joksi¢ J.2

KARAKTERIZACIJA 1 ANALIZA 1ZVORA ZAGADJENJA
KOJE POTICE OD SUSPENDOVANIH MATERIJA U
REZIDENCIJALNOM GRADSKOM PODRUCJU

Kljucéne rijeci: suspendovane materije, udeli izvora zagadjenja, receptorsko modelovanje

Postupak i rezultati fizicko-hemijske karakterizacije materija suspendovanih u vazduhu, razlicitih
aerodinamickih precnika, prikupljenih u dnevnim uzorcima sa nekoliko lokacija u rezidencijalnoj
zoni urbanog dela Beograda bice predstavljeni kao i rezultati primene receptorskog modelovanja sa
ciljem dobiljanja udela pojedinih izvora zagadjenja suspendovanim materijama. Kampanje uzorko-
vanja su organizovane za frakcije suspendovanih materija koje su prikupljane na kvarcnim ili teflon-
skim filtrima dijametra 47 mm. Standardne procedure za kondicioniranje filtera i gravimetrijska
merenja su primenjena za odredjivanje mase suspendovanih cestica. Nekoliko komplementarnih
analitickih tehnika je korisceno za elementalnu analizu i analizu sekundarnih aerosola. Utvrdjene
su korelacije medu depozitima Cestica razlicite velicine i sa rezultatima iz mreze monitoringa. Do-
bijene vrednosti koncentracija su korisce kao ulazni podaci za multivarijantno modeliranje. PCA
analiza i analiza klastera je je primenjena za odredjivanje doprinosa specificnih komponenti cestica
u vazduhu. Rezultati su ukazali na drumski saobracaj i sagorevanje fosilnih goriva kao na glavne
izvore elemenata u tragovima u urbanom aerosolu. Uzimajuci u obzir sve parametre dolazi se do
zakljucka da se visoke koncentracije metala u tragovima mogu preneti iz industrijskih podrucja na
udaljene loakcije u gradskoj zoni pod odredjenim meteroloskim uslovima. Za razdvajanje koncen-
tracija koje poticu od ljudskih aktivnosti od onih prirodnog porekla, faktor obogacenja (EF) u sus-
pendovanim materijama za svaki element racunat je u odnosu na gvozde kao referentni element.
Analiza primenom UNMIX receptorskog modeliranja uradjena je na osnovu rezultata fizicko-hemij-
ske karakterizacije. Rezultati dobijeni za zimski period ukazuju na izvore zagadenja sa odgovaraju-
¢im udelima u procentima: benzin 6%, sekundarni aerosoli 2%, izvori iz zemljista 35%, dizel 6% i
sagorevanje biomase 51%, dok su izvori u letnjem periodu: sekundarni aerosoli 27%, dizel 16%,
izvori iz zemljista 26%, sagorevanje biomase 18% i benzin 12%. lako i benzin i dizel gorivo odre-
djuju udeo saobracaja, specificne komponente kao sto su Zn, Al, Cu, Mn i Pb su definisale mogucnost
razlikovanja ova dva izvora. Rezultati pokazuju da u letnjem periodu saobracaj postaje znacajniji
izvor zagadenja u Cesticama suspendovanih materija nego u zimskom periodu. Pored organskih
komponenta, SO/, NH,* i Se su odredjujuci za sagorevanje biomase kao i Fe, As, Ni i Pb za uticaj
zemljista. U nekoliko ponovljenih postupaka modeliranja nadjeno je da merne nesigurnosti i niske
koncentracione vrednosti u oblasti oko granice detekcije metode mogu imati znacajan uticaj na
dobijene rezultate.

! Laboratorija za zastitu od zracenja i zastitu zivotne sredine, Institut za nuklearne nauke Vin¢a, P.p.522, 11001 Beograd,
Srbija
2 Agencija za zastitu od zracenja i nuklearnu sugrnost Srbije, Masarikova 5, Beograd, Srbija
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Radenkovi¢ M. and Joksi¢ J.2

PARTICULATE MATTER CHARACTERIZATION AND
SOURCE APPORTIONMENT ANALYSIS FOR RESIDENTIAL
URBAN AREA

Keywords: particulate matter, source apportionment, receptor modelling

The protocol and results of a physicochemical characterization of particulate matter with different
aerodynamic diameters, collected on a daily basis at several sites in residential urban areas of Bel-
grade are presented followed by results of receptor modelling for particulate matter source appor-
tionment analysis. Sampling campaigns were undertaken with particulate matter fraction collection
using quartz and PTFE 47 mm diameter filters. For particulate matter mass determination, standard
procedures for filter conditioning and gravimetric measurements were applied. Several complemen-
tary analytical techniques were used for elemental and secondary aerosol analysis. Correlations
were established between deposits of different particles size with results from the monitoring network.
The obtained concentration values were used as input data for multivariate modelling. Principal
component analysis and cluster analysis were applied to determine the contribution of specific com-
ponents in airborne particles. Results indicated vehicle traffic and fossil fuel combustion as the main
sources of trace metals in urban aerosols. Taking all parameters into account, it was found that
higher trace element concentrations may be transferred from industrial areas to distant locations in
urban areas due to certain meteorological conditions. To differentiate between the trace elements
originating from human activities and those of natural origin, the enrichment factor (EF) in par-
ticulate matter for each element was calculated with iron as the reference element. Analysis by
UNMIX receptor modelling was done based on the results of the physicochemical characterization.
The results obtained for winter had indicated the following sources with corresponding shares:
gasoline 6%, secondary aerosol 2%, soil/crustal sources 35%, diesel 6% and biomass burning 51
%, while for summer they were: secondary aerosols 27%, diesel 16%, soil/crustal sources 26%,
biomass burning 18% and gasoline 12%. Although both gasoline and diesel determine traffic con-
tribution, there are specific components such as Zn, Al, Cu, Mn and Pb for differentiation. Results
have shown that in summer, traffic has a higher contribution to pollution by particulate matter than
in winter. Besides organic components, SO/, NH,” and Se are determinants for wood burning and
Fe, As, Ni, Pb for soil/crustal. In several runs with different sets of data, it was found that measure-
ment uncertainties and low concentration values obtained around the method detection level may
have significantly influenced the results of the modelling.

! Radiation and Environmental Protection Laboratory, Vin¢a Institute of Nuclear Sciences, P.O.Box 522, Belgrade,
Serbia
2 Serbian Radiation Protection and Nuclear Safety Agency, Masarikova 5, Belgrade, Serbia
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Godec R.!, Jakovljevi¢ L.!, Sega K.!, Besli¢ L.! i Davila, S.!

UTJECAJ PROMETA NA RAZINE ONECISCENJA ZRAKA U
ZAGREBU

Kljuéne rijeci: EC, OC, PAU, PM,,

Cilj rada je ustanoviti razine oneciscenja iz prometa u zraku te prostornu raspodjelu masenih kon-
centracija ugljika (elementnog — EC i organskog ugljika — OC) i policiklickih aromatskih ugljikovo-
dika (PAU) u frakciji lebdecih cestica PM,, u zraku grada Zagreba tijekom jesenskog i zimskog
perioda 2014. godine. Mjerenja su provedena na Cetiri mjerna mjesta u gradu Zagrebu (istok, zapad,
centar i jug) odabrana s obzirom na gustocu i obim prometa.

Uzorci frakcije lebdecih cestica PM,, sakupljani su tijekom radnih dana i dana vikenda u tri razli-
cita doba dana (6 h - 14 h, 14 h - 22 hi 22 h - 6 h). Sakupljani su na filtre od kvarcnih vlakana,
prethodno Zarene na 900 °C tijekom tri sata. Masene koncentracije PM,, odredene su gravimetrijski
sukladno normi HRN EN 12341. Sadrzaj OC i EC u PM,, u zraku odreden je metodom termicko-
opticke transmisije (TOT). Koncentracije PAU (Flu, Pir, BaA, Kri, BeP, BbF, BkF, BaP, DahA,
BghiP i IP) odredene su pomocu tekucinske kromatografije visoke djelotvornosti (HPLC) uporabom
fluorescentnog detektora promjenjivih valnih duljina ekscitacije i emisije.

Ustanovljeno je postojanje statisticki znacajnih prostornih varijacija masenih koncentracija ugljika
i PAU u PM,, frakciji lebdecih cestica. Najvise masene koncentracije lebdecih cestica te ugljika i
PAU u njima izmjerene su na jugu grada Zagreba, dok su najnize koncentracije PM ,, zabiljezene u
centru i na zapadu grada. Koncentracije PM,, frakcije lebdecih cestica na mjernim mjestima zapad,
Jug i istok razlikovale su se povisenim vrijednostima tijekom radnih dana u odnosu na dane vikenda,
dok su u centru grada tijekom radnih dana masene koncentracije PM,, niZe o odnosu na koncentra-
cije izmjerene tijekom dana vikenda. Najvise koncentracije PM , zabiljezene su tijekom radnih dana
na istoku grada u periodu od 6 h - 14 h i na jugu grada u periodu od 22 h - 6 h. Najnize koncentra-
cije ugljika u lebdecim cesticama zabiljezene su u centru grada, dok su najnize koncentracije PAU
zabiljezene na zapadu grada. Na istoku i u centru grada masene koncentracije OC i EC bile su vise
tijekom dana vikenda, dok su na jugu bile vise tijekom radnih dana. Najvise masene koncentracije
EC izmjerene su na jugu grada bez obzira na period mjerenja, kako radnim danima tako i danima
vikenda. Tijekom radnih dana u periodu od 22h - 6h zabiljezene su i najvisa (na jugu) i najniza (u
centru) masena koncentracija OC. Na istoku i jugu grada izmjerene masene koncentracije PAU-a,
osim Flu bile su vise tijekom radnih dana u odnosu na dane vikenda. Masene koncentracije PAU-a,
osim Flu, BaA i BeP, izmjerene u centru grada bile su vise tijekom vikenda u odnosu na radne dane.
Najvise koncentracije svih izmjerenih PAU-a bile su zabiljezene tijekom radnih dana na jugu Zagre-
ba tijekom perioda od 22 h - 6 h.

Mozemo zakljuciti da je promet glavni oneciscivac zraka lebdecim cesticama, ugljikom i PAU-ima
u lebdecim cesticama na svim mjernim mjestima u gradu, a posebno na jugu Zagreba.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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Godec R.', Jakovljevi¢ L., éega K.!, Besli¢ I.! and Davila, S.!

IMPACT OF TRAFFIC ON AIR POLLUTION LEVELS IN
ZAGREB

Keywords: £C, OC, PAHs, PM,,

The aim of this study is to determine the level of air pollution from traffic and the spatial distribution
of mass concentrations of carbon species (elemental — EC and organic carbon — OC) and polycyclic
aromatic hydrocarbons (PAHs) in PM,, in the air of Zagreb during the autumn and winter of 2014.
The measurements were made at four sites in the city of Zagreb (east, west, centre and south). Each
measurement site was chosen owing to its density and volume of traffic.

Samples of PM,, were collected on weekdays and weekends at three different periods of the day (6
am to 2 pm, 2 pm to 10 pm and 10 pm to 6 am). Samples were collected on quartz fiber filters previ-
ously pre-fired at 900 °C for three hours. Mass concentration of particulate matter was determined
gravimetrically according to the HRN EN 12341 norm. The content of OC and EC in PM , in the air
was measured using thermal-optical transmission method (TOT). Concentrations of the PAHs (Flu,
Pir, BaA, Kri, BeP, BbF, BkF, BaP, DahA, BghiP and IP) were determined using a high performance
liquid chromatograph (HPLC) with a fluorescence detector with changeable excitation and emission
wavelength.

Statistically significant spatial variations of mass concentrations of carbon and PAHs in PM,, were
found. The highest mass concentrations of particulate matter and the carbon and PAHs in them were
observed in the south of Zagreb, while the lowest concentrations of PM,, were recorded in the centre
and the west of the city. The recorded concentrations of PM,, differed during the weekdays and
weekends while in the city centre mass concentrations of PM ,, were lower during weekdays compared
to weekends. The highest concentrations of PM ,, were recorded during weekdays in the east of the
city was from 6 am to 2 pm and, in the south of the city, from 10 pm to 6 am. The lowest concentra-
tions of carbon in particulate matter were recorded in the city’s centre, while the lowest concentra-
tions of PAHs were observed in the west of the city. In the east and centre of the city, mass concentra-
tion of OC and EC were higher on weekends compared to weekdays, while in the south and west of
Zagreb, mass concentrations of OC and EC were higher during weekdays than on weekends. The
highest measured mass concentrations of EC were in the south of the city, regardless of the period
of day or whether it was a weekdays or a weekend. During weekdays from 10 pm to 6 am, the high-
est (in the south) and the lowest (in the centre) levels of OC were observed. The mass concentrations
of all of the measured PAHs except for Flu were higher during weekdays than on weekends in the
east and south of the city. Mass concentrations of all PAHs except Flu, BaA and BeP measured in
the city centre were higher during weekends. The highest concentrations of all of the measured PAHs
were recorded on a weekday in the south of Zagreb over the period from 10 pm to 6 am.

We can conclude that traffic was a major air pollutant by suspended particulate matter and carbon
and PAHs in PM , at all of the measuring sites in the city, especially in the south of Zagreb.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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Tursi¢ J." and Kranjc L!

LEVOGLUCOSAN AND OTHER SACCHARIDES IN
ATMOSPHERIC PARTICLES

Keywords: levoglucosan, biomass burning, PM,, and PM, ;, ion chromatography

During the colder parts of the year, the primary air quality issue in Slovenia are elevated levels of
PM,,. The exceedances of daily limit values in winter time are associated with high emissions due to
the widespread use of wood for domestic heating and unfavourable meteorological conditions with
low wind speed and temperature inversions. For reliable abatement strategies, quantitative informa-
tion on pollution sources is essential. Saccharides and their derivates, which are important con-
stituents of atmospheric particles, originate from different sources. One that is especially important
is levoglucosan, because of its role as tracer for biomass burning.

Sugars and their derivates were determined in PM,, and PM, ; after filter extraction by high perfor-
mance anion exchange chromatography with pulsed amperometric detection. The most abundant
component in the colder part of the year was levoglucosan. In summer time, compounds originating
from the activity of biota (e.g. arabitol) were detected. Sugar alcohols, formed during biomass burn-
ing, are mostly present in the fraction below 2.5 um, while sugars originating from biota are related
to the coarse fraction of particles.

! Slovenian Environment Agency, Vojkova 1b, SI-1000 Ljubljana
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Szoboszlai Z.!, Torok Z.' and Koltay E.!

LONG AND SHORT TERM TENDENCIES AND VARIATION
OF PM,; AND PM,, CONCENTRATION, COMPOSITION AND
SOURCES IN AN EASTERN EUROPEAN CITY

Keywords: PM,, PM,; pollution, sources, tendencies, variation, aerosol long range transport

Systematic investigation of atmospheric aerosol levels and elemental composition of particulate
matter has been carried out at an urban background site in Debrecen, eastern Hungary since 1996.
Aerosol samples are collected twice a week with a 2-stage Gent-type stacked filter unit in the garden
of the ATOMKI. The mass concentration of the fine (particles with an aerodynamic diameter less
than 2.5 um) and coarse (particles with diameter between 2.5 and 10 um) particulate matter (PM)
was weighed on a Sartorius microbalance, the black carbon (BC) content was measured with light-
reflectance technique, while elemental composition (Al to Pb) was determined by particle-induced
X-ray emission (PIXE).

Long term tendencies and seasonal variation of the fine and coarse mass concentration, their ele-
mental components and enrichment factors were studied using statistical methods and meteorologi-
cal data. Episodes with high pollution levels were also studied separately.

Backward trajectory modelling (NOAA-HYSPLIT) was applied to determine the spread of the aero-
sol particles, and correlation analysis was employed to identify characteristic elements for the 5
sectors of the continent.

Statistical evaluation and source determination were carried out with positive mass factorization
(PMF) receptor model developed for aerosol source characterization by the US Environmental
Protection Agency (EPA). Sources on both PM,,, s and PM, ; size fraction were identified by obser-
ving the changes in elemental concentrations, their periodicity, correlation with other elements, and
statistical analysis. It turned out that the main sources of aerosol in Debrecen are traffic through
direct emission and resuspended soil dust, sulfates originating from combustion, domestic heating
as well as a yet unknown source enriched with chlorine. Emission episodes were also observed.

! Institute for Nuclear Research, Hungarian Academy of Sciences, H-4026 Debrecen, Bem tér 18/c, Hungary
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Godec R.!, Sega K.!, Be§li¢ 1! i Davila S.!

PROSTORNA RASPODJELA UGLJIKA U ZRAKU

Kljucne rijeci: EC, OC, oneciscenje zraka, omjer OC/EC, PM, s

Cilj rada je ustanoviti postojanje prostorne raspodjele masene koncentracije ugljika (elementnog i
organskog) u zraku Hrvatske. Mjerena su provedena tijekom ljetnog razdoblja 2014. godine na tri
mjerne postaje: ruralna pozadinska (RP), urbana industrijska (Ul) te urbana pozadinska (UP).
Uzorci frakcije lebdecih cestica PM, s sakupljani su iz priblizno 50 m® zraka na filtre od kvarcnih
viakana (Pallflex Tissuequartz 2500QAT-UP, Pall Life Science), prethodno Zarenih na 900 °C tijekom
tri sata. Masene koncentracije lebdecih Cestica odredene su gravimetrijski sukladno normi HRN EN
14907. Sadrzaj organskog (OC), elementnog (EC) i ukupnog (TC=EC+OC) ugljika u frakciji leb-
decih Cestica PM,s u zraku odreden je metodom termicko-opticke transmisije (TOT) uporabom
uredaja Carbon aerosol analyser (Sunset Laboratory inc.) uz koristenje NIOSH-like protokola.
Statisticka obrada podataka provedena je koristenjem statistickog programskog paketa STATISTICA
12.0.

Ustanovljeno je postojanje statisticki znacajnih prostornih varijacija masenih koncentracija ugljika
u PM,; frakciji lebdecih Cestica. Najvise masene koncentracije lebdecih Cestica i ugljika u njima
zamijecene su na urbanoj industrijskoj postaji, dok su najnize koncentracije zabiljeZene na ruralnoj
pozadinskoj postaji. Masene koncentracije EC slijede niz: ECyp > ECy; > ECyp, dok za OC taj niz
je: OCy; > OCyp > OCrp. Najveci maseni udio TC u lebdecim cesticama zabiljezen je na urbano-
pozadinskoj mjernoj postaji, dok je najnizi zabiljezen na urbano-industrijskoj postaji. Iz omjera OC/
EC koji je slijedio niz OC/ECyp > OC/ECy; > OC/ECy, > 10 vidljivo je prisustvo sekundarnog OC
na sve tri mjerne postaje.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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SPATIAL DISTRIBUTION OF CARBON IN AIR

Key-words: air pollution, EC, OC, OC/EC ratio, PM, s

The aim was to determine the spatial distribution of the mass concentration of carbon (elemental
and organic) in Croatian air. Measuring was conducted during the summer of 2014 at three sites:
rural background (RB), urban industrial (Ul), and urban background (UB) monitoring site.

PM, s samples of particulate matter were collected from approximately 50 m* of air to quartz fiber
filters (Pallflex Tissuequartz 2500QAT UP, Pall Life Sciences), prefired at 900 °C for three hours.
Mass concentrations of particulate matter were determined gravimetrically according to HRN EN
14907. The content of organic (OC), elemental (EC) and total (TC = EC + OC) carbon fraction of
particulate matter PM, s in the air was determined by thermal-optical transmission method (TOT)
with Carbon aerosol analyzer (Sunset Laboratory Inc.) using a NIOSH-like protocol. Statistical
analysis was performed with the statistical sofiware package STATISTICA 12.0.

A statistically significant spatial variation of the mass concentration of PM, s and the carbon in it
was found. The highest mass concentrations of particulate matter and the contained carbon were
observed at the urban industrial site, while the lowest levels were recorded at the rural background
site. EC mass concentrations followed the sequence: ECyz > ECy; > ECpry, while the OC mass con-
centrations followed: OCy, > OCyy > OCqry The highest mass contribution of TC to particulate
matter was observed at the urban background monitoring station, while the lowest was recorded at
the urban industrial site. From the OC/EC ratio that followed the sequence: OC/ECy; > OC/ECy,;>
OC/EC,; > 10, it was evident that secondary OC was present at all three sites.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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Grgi¢ Z.', Bili¢ M.! i Abramovié¢ B.!

UMJERAVANJE ANALIZATORA ONECISCUJUCIH TVARI
U ZRAKU

Kljuéne rijeci: umjeravanje analizatora, mjerna sljedivost, kvaliteta zraka, analizatori oneciscéuju-
cih tvari u zraku

Mjerni analizatori u mrezi za pracenje kvalitete zraka moraju osigurati mjerne podatke ciljne kva-
litete. Da bi se postigla ciljna kvaliteta podataka analizatori moraju ispunjavati odredene zahtjeve,
a jedan od zahtjeva je i mjerna sljedivost. Mjerna sljedivost je svojstvo mjernoga rezultata kojim se
taj rezultat dovodi u vezu s dokumentiranim neprekinutim lancem umjeravanja, od kojih svaki do-
prinosi utvrdenoj mjernoj nesigurnosti. Mjerna sljedivost se osigurava umjeravanjem mjerila s
mjernim etalonima ili certificiranim referentnim materijalima. Umjeravanja mjernih analizatora
mogu se provoditi na dva nacina: izravnom metodom umjeravanja ili usporedbenom metodom umje-
ravanja. Izravna metoda umjeravanja temelji se na umjeravanju analizatora pomocu sljedivog
certificiranog referentnog materijala dok se usporedbena metoda temelji na umjeravanju pomocu
sljedivog mjernog analizatora koji se koristi kao mjerni etalon.

Kod izravne metode umjeravanja mjerna se sljedivost ostvaruje koristenjem primarnoga ili certifi-
ciranoga referentnog materijala (odredene koncentracije plina poznate mjerne nesigurnosti), u
kombinaciji s jedinicom za razrjedivanje plina koja je takoder sljediva i ima poznatu mjernu nesi-
gurnost. Pri usporedbenoj metodi umjeravanja mjerna sljedivost ostvaruje se pomocu sljedivog
mjernog analizatora koji sluzi kao etalonski analizator i koji je umjeren na visoj razini.
Umjeravanje mjernih analizatora bitan je korak kojim se ostvaruje sljedivost dobivenih mjernh po-
dataka do SI sustava i na taj nacin se osigurava njihova pouzdanost. Umjerni laboratorij koji pro-
vodi umjeravanja mjernih analizatora mora ispunjavati odredene uvjete kako bi njegova mjerna
sljedivost bila priznata, a jedan od njih je i akreditacija prema zahtjevima HRN EN ISO/IEC 17025.
U ovom radu opisana su iskustva Umjernog laboratorija tvrtke EKONERG na poslovima umjerava-
nja mjernih analizatora.

! Ekonerg - Institut za energetiku i zastitu okolisa, Koranska 5, 10000 Zagreb, Hrvatska
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CALIBRATION OF THE AMBIENT AIR ANALYZERS

Key-words: calibration of analyzers, measurement traceability, air quality, ambient air analyzers

Ambient air analyzers in the network for air quality monitoring have to ensure the provision of results
of defined data quality set by data quality objectives. In order to achieve the data target quality,

analyzers have to meet certain requirements, such as the traceability of measurements. Measurement
traceability is a property of the measurement results whereby the result can be related to a reference
through a documented unbroken chain of calibrations, each contributing to the established measure-
ment uncertainty. It is provided by calibration of analyzers using measurement standards or using
certified reference materials.

Calibration of measurement analyzers can be realized by the direct method of calibration or the
comparative method of calibration. The direct method of calibration is based on the calibration of
the analyzer by means of traceable certified reference material while the comparative method is
based on a calibration using traceable analyzer as a measurement standard.

In the direct method of calibration, measurement traceability is achieved by a primary or a certified
reference material. Primary or certified reference material, with known concentration of the gas and
the known its measurement uncertainty, is used in combination with a dilution unit that is traceable
and with known measurement uncertainty. In the comparison method of calibration measurement
traceability is provided through traceable measurement analyzer serving as by the standard ana-

lyzer and that has been calibrated at a higher level.

Calibration of measurement analyzers is an essential step to obtain measurement data that are trace-

able to the SI system and thus ensure their reliability. Calibration laboratory which provides the
calibration of measurement analyzers has to meet certain requirements to be recognized, and one of
them is the accreditation according to ISO/IEC 17025. This paper describes the experiences of
Calibration laboratory of the company EKONERG on jobs of calibration of ambient air analyzers.

! Ekonerg - Energy and Environmental Protection Institute, Koranska 5, 10000 Zagreb, Croatia

121



DEVETI HRVATSKI
ZNANSTVENO-STRUCNI SKUP

ZASTITA ZRAKA 2015 3

Porec, 08.-12. rujna 2015. CAPPA

Herceg Romani¢ S.! i Klin¢i¢ D.!

SEZONSKE PROMJENE KONCENTRACIJA
ORGANOKLOROVIH SPOJEVA U ZRAKU

Kljucéne rijeci: oneciscéenje atmosfere, PCB, organoklorovi pesticidi

Organoklorovi pesticidi (OCP) i poliklorbifenili (PCB) postojana su organska zagadivala. Zrak je
najcesce prvi i najveci primatelj oneciscenja iz kojeg se ono dalje prenosi u druge dijelove okolisa.
Svrha rada bila je procijeniti oneciséenost zraka organoklorovim spojevima i odrediti sezonske
varijacije onecisc¢enja. Zrak je uzorkovan (N=35) u Zagrebu (Ksaverska cesta) u razdoblju od 28.
lipnja 2007. do 4. lipnja 2008. godine.

Od ukupno 209 kongenera PCB-a odredivano je Sest tzv. indikatorskih kongenera PCB-a (PCB-28,
PCB-52, PCB-101, PCB-138, PCB-153, PCB-180), toksikoloski znacajni (PCB-77, PCB-126, PCB-
169, PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, PCB-189, PCB-170)
te kongeneri PCB-60i PCB-74. Od OCP-a istrazivani su HCB, a-, - i y-HCH, p,p -DDE, p,p -DDD
i p.p -DDT.Analiticki postupak opisan je u radu Herceg Romanic i Kozul prikazanom na Sestom
hrvatskom znanstveno-strucnom skupu ,, Zastita zraka ‘09 “, Zadar, Zbornik radova 323-328. Povrat
analitickog postupka je u rasponu izmedu 63 % i 99 %, a relativna standardna devijacija izmedu 7
% i 20 % (N=8). Granica odredivanja je od 0,02 do 0,2 pg m™.

Raspon koncentracija pojedinacnih spojeva je izmedu 0,1 i 120,3 pg m>. Masene koncentracije
pojedinacnih analita ovisile su o prosjecnoj temperaturi za vrijeme uzorkovanja.

Koncentracija HCB-a niza je u ljetnim mjesecima nego u zimskim. Poznato je da HCB nastaje broj-
nim procesima izgaranja $to moze objasniti njegove vece koncentracije u zraku u hladnijem dijelu
godine kad je broj takvih procesa znatno veci nego ljeti. Za sve ostale skupine analita uocava se
obrnut trend, pa su vise koncentracije u zraku izmjerene u toplijim razdobljima uzorkovanja. Taj je
trend najvise izrazen kod indikatorskih kongenera PCB-a i izomera HCH-a. U ukupnoj koncentra-
ciji indikatorskih kongenera tome najvise pridonose nizeklorirani lakohlapljivi kongeneri, a ukupnoj
koncentraciji izomera HCH-a y-HCH.

Sudjelovanje proizaslo iz projekta “OPENTOX”, potpora Hrvatske zaklade za znanost.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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SEASONAL CHANGES IN AIR ORGANOCHLORINE
COMPOUND CONCENTRATIONS

Keywords: air quality, legislation, harmonization

Polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) are persistent organic
pollutants. Air is vulnerable to OCP pollution and plays a major role in their environmental distribu-
tion and fate. The aim of this work was to estimate organochlorine compound concentrations in air
and determine seasonal changes in the pollution. Air samples (N=35) were collected within the
period from June 28, 2007 to June 4, 2008 in Zagreb (northern part of town).

Among 209 PCB congeners, 6 indicator PCBs (PCB-28, PCB-52, PCB-101, PCB-138, PCB-153,
PCB-180), 12 toxicologically relevant PCBs (PCB-77, PCB-126, PCB-169, PCB-105, PCB-114,
PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, PCB-189, PCB-170), and PCB-60 and PCB-74
were analysed. The following OCPs were also analysed: HCB, a-, 3- and y-HCH, p,p’-DDE, p,p -
DDD and p,p -DDT. The details of the analytical method have been described in the paper Herceg
Romanic¢ & Kozul presented at Sixth Croatian Scientific and Professional Assembly “Air protection
‘097, Zadar, Proceedings pp. 323-328. The recovery of the method ranged between 63 and 99%,
relative standard deviations between 7 and 20% (N=38). Limit of determination was between 0.02
and 0.2 pg m.

Compound concentrations ranged between 0.1 and 120.3 pg m?. The concentration of an individual
compound depended on air temperature.

All of the compounds exhibited seasonal variations with considerably higher concentrations in
summer, except for HCB. Unlike other organochlorine compounds, HCB showed higher concentra-
tions in winter. The reason for this could have been the inadequate incineration of chlorine-contai-
ning wastes. A pronounced seasonal trend for indicator PCB congeners and HCH isomers was ob-
served. The temperature-dependent behaviour reaching maximum values in the summer supports the
hypothesis that volatilisation does affect organochlorine levels in the air. Low-chlorinated PCBs
largely contribute in indicator PCBs, and y-HCH in HCH isomers.

Participation supported by project “OPENTOX”, Croatian science foundation.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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SVOJSTVA OBORINE NA PODRUCJU REPUBLIKE
HRVATSKE U PERIODU OD 2005. DO 2014. GODINE

Kljucéne rijeci: oborina, kisele komponente, kiselo talozenje

Da bi se odredio utjecaj kvalitete oborine na okolis potrebno je istovremeno promatrati vise para-
metara, te povezati parametre kvalitete oborine s meteoroloskim parametrima. U kemijskom labo-
ratoriju Drzavnog hidrometeoroloskog zavoda provode se analize kemijskog sastava i svojstva
oborine dugi niz godina. Na temelju dnevnih uzoraka oborine, napravljena je desetogodisnja anali-
za (od 2005. do 2014. godine) koja je obuhvatila sljedece parametre: ukupnu koli¢inu oborine,
raspodjelu oborine prema kiselosti, utjecaj smjera i brzine vjetra na sastav oborine te taloZenje ki-
selih komponenti.

Sastav i koncentracija, izmedu ostalih i kiselih komponenti u oborini nam daju podatke o izvorima
emisija oneciscenja koji doprinose kvaliteti oborine, pa sustavno pracenje glavnih fizikalno — kemij-
skih pokazatelja omogucava razumijevanje tih izvora. Pri analizi fizikalno — kemijskog stanja atmos-
fere nije dovoljno odrediti samo kiselost oborine tj. pH vrijednost, jer u odredenim meteoroloskim
situacijama uz odredene emisije iz blizih ili udaljenih izvora, mozZe doci do djelomicne ili potpune
neutralizacije kiselih komponenti u oborini. Analizirani su podaci oborine sa deset glavnih meteo-
roloskih postaja koje pokrivaju cijelo podrucje Republike Hrvatske (Dubrovnik, Komiza, Split, Zadar,
Rijeka, Krapina, Zagreb Maksimir, Puntijarka, Bilogora i Osijek). Dnevni uzorci oborine prikuplja-
ni su otvorenim polietilenskim lijevcima s rezervoarom (bulk uzorkivac) te su analizirani u skladu s
vazecéim normama. Kiselost oborine odredena je pH-metrom, a koncentracija kiselih komponenti
odredena je ionskim kromatografom.

Dugorocnim pracenjem kvalitete oborine na glavnim meteoroloskim postajama u Republici Hrvatskoj,
dokazana je mala prisutnost stetnog kiselog taloZenja tvari iz atmosfere putem oborine. Analizom
kiselosti oborine vidljivo je da je pH vrijednost oborine u Republici Hrvatskoj iznad 5,6 $to ukazuje
da oborina u Republici Hrvatskoj nije kisela. Ukupno godisnje talozenje kiselih komponenti je unu-
tar granica ili neznatno prekoracuje granicu Stetnog utjecaja na okolis.

! Drzavni hidrometeoroloski zavod, Gri¢ 3, 10000 Zagreb
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PRECIPITATION PROPERTIES IN CROATIA FROM
2005 TO 2014

Keywords: precipitation, acidic components, acidic deposition

To determine the influence of the quality of precipitation on the environment, it is necessary to si-
multaneously observe multiple parameters and link the precipitation quality parameters with me-
teorological parameters. The Chemical Laboratory of the Meteorological and Hydrological Service
has been analysing the chemical composition and properties of precipitation for many years. On the
basis of daily precipitation samples for a ten-year period (2005 to 2014), the following parameters
were analysed.: total amount of precipitation, distribution of precipitation related to acidity, deposi-
tion of acidic components and impact of wind velocity on the composition of precipitation.

The composition and concentration of acidic components in precipitation provided us with informa-
tion on the sources of pollution that contribute to the quality of precipitation. Systematic monitoring
of major physicochemical indicators helped us understand these sources. When analysing the
physicochemical state of the atmosphere, the determination of only the acidity of precipitation is not
sufficient, because during specific meteorological situations with certain pollutant emissions from
nearby or distant sources, partial or complete neutralization of acidic components in precipitation
may occur. Data from ten main meteorological stations (Dubrovnik, Komiza, Split, Zadar, Rijeka,
Krapina, Zagreb Maksimir, Puntijarka, Bilogora and Osijek) covering most of Croatia were analysed.
Duaily precipitation samples were collected through open polyethylene funnels with tank (bulk sampler)
and analysed in accordance with applicable standards. Precipitation acidity was determined by a
pH meter and the concentration of acidic components by an ion chromatograph.

Long-term monitoring of precipitation quality at the main meteorological stations in Croatia proved
the presence of a small amount of harmful acidic deposition substances. The average precipitation
acidity value above 5.6 indicated that precipitation in Croatia is not acidic. Total annual acidic
components deposition was within limits or slightly exceeded the limit set as indicating harmful
impact on environment.

! Meteorological and Hydrological Service, Gri¢ 3, 10000 Zagreb
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UKUPNA BETA AKTIVNOST ZRAKA U HRVATSKOJ

Kljucéne rijeci: oneciscéenje zraka, radioaktivne tvari, ukupna beta aktivnost zraka

Radioaktivne tvari sastavni su dio atmosfere i samo su dio ukupnih oneciséenja zraka. U Jedinici za
zastitu od zracenja Instituta za medicinska istrazivanja i medicinu rada (IMI) provode se odrediva-
nja i pracenja radioaktivnih tvari u zraku jos od 1961. godine. Kolic¢ina radioaktivnih tvari u zraku
odreduje se mjerenjem ukupne beta aktivnosti zraka, gamaspektrometrijskim analizama, kao i spe-
cificnim radiokemijskim analizama pojedinih radionuklida.

Na lokaciji Instituta u Zagrebu i na lokaciji vanjskoga suradnika IMI-a, sakupljaca iz Zadra, nepre-
kidno i svakodnevno se na visini jedan metar iznad tla prosisava oko 200 m® zraka kroz filter papir
Schneider-Poelman plavi. U tako skupljenom uzorku najmanje 120 sati nakon uzorkovanja mjeri se
ukupna beta aktivnost u beta brojacu niskih aktivnosti Low-level beta GM multicounter system,
model RISO GM-25-5 (efikasnost za *’Sr na filter papiru na talijevom disku je 54%). Kalibracija
efikasnosti provedena je standardima Medunarodne agencije za atomsku energiju (IAEA) i Svjetske
zdravstvene organizacije (WHO).

Rezultati odredivanja ukupne beta aktivnosti zraka sakupljenima u Zagrebu i Zadru tijekom 2013. i
2014. godine medusobno su usporedeni. Vrijednosti izmjerene u Zagrebu kretale su se od 0,10 mBgm
do 5,57 mBqm? uz prosjek 1,0 £ 0,6 mBqm?, u Zadru u rasponu od 0,11 mBgm= do 3,94 mBqm™ uz
prosjek od 0,9 + 0,5 mBgm?. Rezultati ukupne beta aktivnosti zraka u Zagrebu i Zadru pokazuju
dobro medusobno slaganje.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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TOTAL BETA ACTIVITY IN THE AIR IN CROATIA

Keywords: air pollution, radioactive matter, total beta radioactivity in air

Radioactive substances are constituents of the atmosphere and are responsible only for a part of the
air pollution. In the Radiation Protection Unit of the Institute for Medical Research and Occupa-
tional Health (IMROH), monitoring and determination of the radioactive matter in air have been
carried out ever since 1961. The amounts of radioactive substances in air are determined by measur-
ing the total beta activity of air, by means of gamma-ray spectrometry, as well as by specific radio-
chemical analyses of chosen radionuclides.

On IMROH and also on a location in Zadar, about 200 m* of air is pumped continuously, on a
daily basis, through filter paper Schneider-Poelman blue that is positioned 1 m above the ground.
After the lapse of at least 120 hours, thus prepared samples are subjected to measurements of total
beta activity, which is performed using a Low-level beta GM multicounter system,; model RISO GM-
25-5 counter (the efficiency for *’Sr on a thallium disc being 54%). Efficiency calibration is carried
out according to the standards of the International Atomic Energy Association (IAEA) and the World
Health Organisation (WHO,).

We compare results for the total beta activity in air in Zagreb and in Zadar during 2013 and 2014.
The values measured in Zagreb are between 0.10 and 5.57 mBqm, the average being 1.0 £ 0.6
mBgm>. For Zadar, the measured values are between 0.11 and 3.94 mBgm?, with the average of 0.9
+ 0.5 mBqm?. Hence, the results for the total beta activity in air in Zagreb and in Zadar are in good
agreement.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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KONCENTRACIJE AKTIVNOSTI #°Pb U ZRAKU ZAGREBA

Kljuéne rijeci: 2°Pb, gamaspektrometrijska mjerenja, uzorkovanje zraka, radioaktivnost

Pracenje i odredivanje radioaktivnih tvari u zraku zapocelo je u Hrvatskoj 1961. godine i provodi
se neprekidno do danas u Jedinici za zastitu od zracenja Instituta za medicinska istraZivanja i me-
dicinu rada u sklopu programa pracenja radioaktivnosti Zivotne okoline. Odredivanje radioaktivno-
sti u zraku provodi se visokorezolucijskom gamaspektrometrijom, akreditiranom metodom prema
zahtjevima norme HRN EN ISO/IEC 17025:2007. Kalibracija energije i efikasnosti gamaspektro-
metra ucinjena je uz pomod¢ kalibracijskih izvora (standarda) Ceskog metroloskog instituta koji
pokrivaju energiju izmedu 40 i 2500 keV. Uzorci zraka sakupljaju se prosisavanjem velikog volu-
mena zraka pomocu ASS-500 HVS (High Volume Sampler ASS-500) stanice preko Petrianov filtra
(FPP-15-1.5) jedan i pol metar iznad tla. Izmjerene su koncentracije aktivnosti >’°Pb u uzorcima
zraka uzorkovanog na lokaciji Instituta za medicinska istrazivanja i medicinu rada u Zagrebu. *'°Pb
kao produkt raspada *’Rn, a koji se transportira kroz atmosferu na aerosolnim cesticama i vraca
na tlo u obliku suhe i mokre depozicije, moze sluziti kao obiljeZivac atmosferskih procesa. Iz tih
razloga potrebno je odrediti koncentracije aktivnosti >'°Pb, tj. radioloski karakterizirati atmosferu.
Prosjecna koncentracije aktivnosti *'°Pb u zraku u 2014. godini u Zagrebu bila je 5,74-10-4 Bqm®.
Najmanja vrijednost je iznosila 3,77-10-4 Bqm? dok je najveca vrijednost iznosila 7,97-10-4 Bqm?.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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ACTIVITY CONCENTRATIONS OF *°Pb IN ZAGREB AIR

Keywords: >°Pb, gamma-ray spectrometry, sampling of air, radioactivity

Monitoring and determination of radioactive matter in air in Croatia began in 1961. This has con-
tinued until today in the Radiation Protection Unit of the Institute for Medical Research and Occu-
pational Health as part of a programme of environmental radioactivity monitoring. Determination
of the radioactivity in air is carried out by means of high-resolution gamma-ray spectrometry, using
a method accredited according to the HRN EN ISO/IEC 17025:2007 standard. Energy and effi-
ciency calibrations have been performed using calibration sources by the Czech Metrology Institute
that cover an energy range of 40-2500 keV. Sampling is carried out by sucking a large air volume
through a Petrianov filter (FPP-15-1.5) placed one and a half metre above the ground, using an
ASS-500 HVS (High Volume Sampler ASS-500) sampling station. We measured activity concentra-
tions of ?!°Pb in samples collected at the location of the Institute for Medical Research and Occupa-
tional Health in Zagreb. Being a product of *’Rn, *°Pb is conveyed through the atmosphere by
aerosol particles, which means that it returns to the ground as dry and wet fallout. Because of that,
it is beneficial to determine activity concentrations of *'°Pb in air, i.e., to characterise the atmosphere
radiologically. The average activity concentrations of *'’Pb in Zagreb air in 2014 was 5.74 x 10-4
Bqm3, whereas the minimum and maximum values were 3.77 x 10-4 Bqm? and 7.97 x 10-4 Bqm,
respectively.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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PROCJENA IZLOZENOSTI ONECISCENJIMA U OKOLISU
ODLAGALISTA NEOPASNOG OTPADA

Kljuéne rijeci: odlagaliste neopasnog otpada, fosfogips, procjena izloZenosti, kriteriji kvalitete

Odlagaliste neopasnog otpada (tzv. deponija fosfogipsa) smjesteno je 4 kilometra od grada Kutina,
Juzno od autoceste Zagreb-Lipovac. Deponija fosfogipsa zauzima povrsSinu od 160 hektara i svojom
Jjuznom i zapadnom stranom granici s Parkom prirode Lonjsko polje. Odlagaliste je pusteno u rad
1983. godine i na njemu su odlagani neopasni otpadi prema vazecim propisima. Najveci udio otpa-
da na odlagalistu se odnosi na: kalcijev sulfat dihidrat tzv. fosfogips (CaSO, x nH,O ) i kalcijev
fluorid (CaF,).
Petrokemija posjeduje Dozvolu za gospodarenje otpadom, za obavljanje djelatnosti zbrinjavanja i
oporabe neopasnog otpada. Odlagaliste se danas sastoji od 5 omedenih i medusobno odvojenih
kazeta. Od 1983. do 2009. godine u 3 kazete odlagan je fosfogips koji nastaje kao nusprodukt u
procesu proizvodnje fosforne kiseline. U jednu kazetu odlaze se kalcijev fluorid koji nastaje obradom
procesne vode s vapnenim hidratom, a preostala kazeta sluzi za odlaganje procesne otpadne vode.
Od pocetka rada odlagalista provodi se monitoring koji obuhvaca:

- zrak (pracenje koncentracije plinovitih fluorida)

- vode unutar odlagalista (pH i F-)

- podzemne i povrsinske vode u uzorcima piezimetarske mreze, nizvodnih i uzvodnih bunara

(1x mjesecno prati se pH, F, P,O;, kompletnu kemijsku analizu najmanje jednom godisnje)

- taloznu tvar u okolisu odlagalista

- biljni materijal (pracenjem sadrzaja fluorida)
Pracenje kvalitete okolisa oko odlagalista fosfogipsa provodi ispitni laboratorij akreditiran prema
normi HRN EN ISO/ IEC 17025:2007, Petrokemije d.d. poslovne funkcije Upravljanje kvalitetom i
okolisem, Laboratorij za zastitu okolisa i vode.
Navedeni monitoring provodi se s ciljem procjene izloZenosti okolisa navedenim oneciscenjima.
Rezultati mjerenja su usporedeni s maksimalno dozvoljenim koncentracijama (MDK) i prosjecnom
godisnjom koncentracijom (PGK) za podzemne vode, granicnom vrijednosti za taloznu tvar, litera-
turnim podacima za biljni materijal, a za fluoride u zraku, s obzirom da vise nisu definirane granic-
ne vrijednosti, koristimo usporedbu s izmjerenim sadrzajem fluorida na podrucju grada Kutina kao
i usporedbu s razinama fluorida prijasnjih godina na podrucju deponije. Rezultati mjerenja poka-
zuju da su izmjerene koncentracije ispod definiranih s usporednim kriterijima, a uocen je trend
smanjenja koncentracije fluorida u zraku i procesnoj otpadnoj vodi deponije.

! Petrokemija, d.d.. Proizvodnja mineralnih gnojiva, Aleja Vukovar 4, 44320 Kutina, Republika Hrvatska
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ASSESSMENT OF POLLUTION EXPOSURE IN THE
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Keywords: non-hazardous waste disposal, phosphogypsum, exposure assessment, prescribed crite-
ria
A non-hazardous waste disposal (phosphogypsum land(fill) is located 4 km from the town of Kutina,
south from the Croatian motorway Zagreb-Lipovac. This disposal site takes up an area of 160 ha and
is in contact on its south and west side borders with the Lonjsko polje Natural Park. After construction
and initiation in 1983, the non-hazardous waste began to be disposed according to relevant legislation.
The largest part of the waste includes: calcium sulphate dihydrate (CaSO,x nH,0) and calcium fluo-
ride (CaF,). The nearby Petrokemija fertilizer company obtained an official Waste Management Licence
for disposal and reuse of non-hazardous waste. The landfill consists of 5 basins divided and sur-
rounded by a soil bank. From 1983 to 2009, phosphogypsum, a by-product of the Phosphoric Acid
Plant, was disposed of in 3 basins. Calcium fluoride, produced after treating industrial water with
lime hydrate, is in one basin. The waste water is disposed of in another basin
Since disposal started, continuous monitoring has been carried out through assessing:

- ambient air quality ( measurements of fluoride concentration)

- pond water quality (pH and F-)

- groundwater and surface water quality in the established wells (piezometers) network, downstream

and upstream wells (pH, F-,P,Os once a month and complete chemical analysis twice a year)

- atmospheric depositions in the environment

- biomonitoring (concentration of fluorides in grass and leaves)
Monitoring is carried out to assess environmental exposure to the above pollutants and here are
presented results obtained in the last 5 years. Monitoring and control of environmental quality around
the phosphogypsum landfill is carried out by an accredited testing laboratory (according to HRN EN
ISO/IEC 17025:2007 standards) at Petrokemija d.d., Quality and Environmental management depart-
ment, Laboratory for environmental and water protection.
The described monitoring was performed in order to estimate environmental exposure. The results of
the measurements were compared against the maximum allowed concentrations and the average
yearly concentration for ground waters, limit values for sediment, and literature data for plant mate-
rial. As for fluoride limits in air, considering that the limit values are no longer formally set, we relied
on a comparison with measured fluoride contents for the Kutina town area as well as comparisons
with fluoride levels from previous years. Our results have shown that the measured concentrations
were below previously defined ones. We have also observed a trend of decreasing fluoride concentra-
tion in the air and the disposal site’s wastewater.

! Petrokemija, d.d.. Fertilizer Company, Aleja Vukovar 4, 44320 Kutina, Republic Croatia
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EMISIJE 1Z POMORSKOG PROMETA U LUCI RIJEKA

Kljucéne rijeci: pomorski promet, emisije, model disperzije, Rijeka

Pracenje kvalitete zraka u Rijeci zapocelo je pocetkom sedamdesetih godina, u vrijeme izgradnje
novih industrijskih pogona na podrucju Kostrene i Bakarskog zaljeva (novi pogoni rafinerije nafte,
termoelektrana, koksara). Mjerenja oneciscenja zraka bila su usmjerena prema novim industrijskim
pogonima koji su tvorili 95 % emisija SO, i NOy. Pomorski promet bio je zanemaren, tako da je
prvi katastar emisija koji ukljucuje pomorski promet napraviljen tek 2008., u vrijeme kada su neki
industrijski pogoni vec bili zatvoreni ili pri zatvaranju. Za potrebe EU MED projekta POSEIDON
napravljen je novi katastar emisija za 2010. godinu, u vrijeme kada je u zapadnim zemljama stupi-
la na snagu MARPOL konvencija (Medunarodna konvencija o sprjecavanju oneciscenja s brodova),
a kod nas se primjenjuje od 2013. godine ulaskom u EU.

lako su izmedu dva katastra emisija prosle tek dvije godine, smanjenje intenziteta pomorskog pro-
meta, primjena strozih normi u lukama, kao i kvalitetnijeg goriva u zemljama EU rezultiralo je
smanjivanjem emisija NOy, SO, i PM,, iz pomorskog prometa u luci Rijeka. U 2010. udio emisija iz
pomorskog prometa u ukupnim emisijama u gradu Rijeci ¢inile su 17,1 % za emisije NOy, 4,4 % za
emisije SO, i 10,6 % za emisije PM,,. Najveci izvor oneciscenja zraka iz pomorskog prometa proi-
zlazi iz brodova na vezu, odnosno u vrijeme njihova boravka u luci, a s obzirom na vrstu brodova,
najveci oneciscivaci su kontejnerski brodovi i tankeri. Zbog malog opsega, putnicki promet ne pred-
stavlja veliki izvor oneciscenja zraka u luci.

Primjena ISCST3 modela disperzije ukazuje da brodovi na vezu mogu uzrokovati pojavu visokih
satnih koncentracija oneciscujucih tvari u blizini luke. Rezultati proracuna modelom disperzije u
skladu su s karakteristikama izvora emisija na rijeckom podrucju.

! Ekonerg, Koranska 5, 10000 Zagreb, Hrvatska
2 Nastavni Zavod za javno zdravstvo / Medicinski fakultet Sveucilista u Rijeci, KreSimirova 52a, Rijeka, Hrvatska

132



NINTH CROATIAN
SCIENTIFIC AND PROFESSIONAL ASSEMBLY

AIR PROTECTION 2015 .

Pore¢, September 08-12, 2015 CAPPA

Sarovi¢ K., Horvati¢ Viduka E.! and Alebié-Jureti¢ A.2

MARITIME TRAFFIC EMISSIONS IN THE PORT OF RIJEKA,
CROATIA

Keywords: maritime traffic, emissions, dispersion modelling, Rijeka

The air quality monitoring programme for the city of Rijeka started in the early 1970s, following the
construction of new industrial facilities in the eastern part of the city (new petroleum refinery, oil
burning power plant, coke plant). For this reason, the monitoring programme has focused on air
pollution caused by these big industrial sources, whose contribution to SO, emissions was often

>95%, while the impact of maritime traffic was neglected. The first emission inventory comprising
port emissions was done in 2008. Within the requirements of the POSEIDON programme, maritime
emissions were updated in 2010 in order to be comparable with data from other ports: Brindisi,

Venice (Italy) and Patras (Greece). The year 2010 was chosen for the full application of the MARPOL

convention (International Convention for the Prevention of Pollution from Ships) to EU countries
(in Croatia, it has been applied since mid-2013). Reduced maritime traffic (due to the financial
crisis), application of stricter legislation in harbours, and use of fuel with lower content of sulphur
resulted in further reductions of port emissions in 2010 with respect to 2008. According to the new
emission inventory from 2010, maritime traffic has the biggest impact on NOy emissions (17.1%),

followed by PM,, (10.6%) and SO, (4.4%). The biggest source of air pollution in harbours is ship
hoteling, while the biggest polluters are containers and tankers. Due to the small number of boat
lines, the contribution of passenger traffic is small. The results of the ISCST3 dispersion model for
the worst meteorological condition suggest a possible appearance of high hourly concentrations of
air pollutants close to the harbour area. Results of dispersion modelling are in accordance with the
characteristics of the air pollution sources.

! Ekonerg, Koranska 5, 10000 Zagreb, Hrvatska
? Teaching Institute of Public Health/ Faculty of Medicine, University of Rijeka
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RAZINE METALA U PM,, FRAKCIJI LEBDECIH CESTICA U
URBANIM SREDINAMA S RAZLICITIM IZVORIMA
ONECISCENJA

Kljucne rijeci: oneciscéenje zraka, ICP-MS, lebdece cestice

Ispitivanja masenih koncentracija PM ,, frakcije lebdecih cestica u zraku kao i njihovog kemijskog
sastava provode se u Republici Hrvatskoj prema vazecim zakonskim propisima. Uredbom o razina-
ma onecisc¢ujucih tvari u zraku (NN 117/12, 2521) propisane su granicne vrijednosti koncentracija
oneciscujucih tvari u zraku obzirom na zastitu zdravlja ljudi i kvalitetu Zivljenja. U odnosu na sastav
metala u lebdecéim cesticama, Uredba propisuje granicne vrijednosti za olovo, arsen, kadmij i nikal
u PM,, frakciji lebdecih cestica. Sadrzaj metala u lebdecim cesticama ovisi o doprinosu razlicitih
izvora oneciséenja. Na mjernim postajama u urbanim sredinama najveci je doprinos antropogenih
izvora oneciscenja, prvenstveno industrijskih emisija i prometa.

Cilj ovog istrazivanja je usporediti sastav i razine metala u PM , frakciji lebdecih cestica sakuplje-
nih na dvije mjerne postaje u urbanim sredinama opterecenim razlicitim izvorima oneciscenja.
Uzorci su sakupljani od 1. sijecnja do 31. prosinca 2014. godine. Masene koncentracije arsena (As),
kadmija (Cd), nikla (Ni), olova (Pb), bakra (Cu), cinka (Zn), zZeljeza (Fe) i mangana (Mn) odredene
su spektrometrijom masa uz induktivno spregnutu plazmu (ICP-MS). Dobiveni rezultati statisticki su
obradeni racunalnim programom STATISTICA (ver. 12). Razine srednjih godisnjih vrijednosti ma-
senih koncentracija ispitivanih metala na obje mjerne postaje slijedile su niz: Fe > Zn > Mn, Pb, Cu
> Ni, As > Cd. Razine masenih koncentracija mjerenih metala statisticki su se znacajno razlikovale
izmedu mjernih postaja. Vise vrijednosti Ni, As, Cd, Pb, Mn i Zn zabiljezene su na mjernoj postaji
koja je osim utjecaja prometa, opterecena i utjecajem industrijskih emisija. Faktorskom analizom
izdvojena su dva faktora na obje mjerne postaje, s razlicitim doprinosima pojedinih metala. Na obje
mjerne postaje jedan faktor povezao je arsen, kadmij i olovo. Granicne i ciljne vrijednosti definira-
ne Uredbom nisu prekoracene niti na jednoj mjernoj postaji.

! Institut za medicinska istraZivanja i medicinu rada, Ksaverska c. 2, Zagreb
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HEAVY METAL LEVELS IN PM,, PARTICLE FRACTION IN
URBAN AREAS WITH DIFFERENT SOURCES OF
POLLUTION

Keywords: air pollution, ICP-MS, particulate matter

The determination of mass concentrations of PM,, particle fraction in the air, as well as their
chemical composition, is conducted in Croatia according to legislation. Regulations regarding the
levels of pollutants in ambient air (OG No. 117/12, 2521) define the limit values of pollutants with
respect to human health and quality of life. With regard to the metal composition in particulate mat-
ter, the Regulation defines the limit and target values of lead, arsenic, cadmium and nickel in PM,,
particle fraction. Heavy metal content in particulate matter depends on the source of pollution.
Urban areas are polluted mostly by anthropogenic sources, industrial emissions and traffic.

The aim of this paper was to investigate the composition and levels of heavy metals in PM,, particle
fraction collected at two sampling sites in urban areas with different sources of pollution. Samples
were collected from 1st January to 31st December 2014. Mass concentrations of arsenic (4s), cad-
mium (Cd), nickel (Ni), lead (Pb), copper (Cu), zinc (Zn), iron (Fe) and manganese (Mn) were de-
termined by inductively coupled plasma mass spectrometry (ICP-MS). Data analysis was performed
using the STATISTICA software system, version 12. Mean annual values of mass concentrations of
heavy metals at both sampling sites decreased as follows: Fe > Zn > Mn, Pb, Cu > Ni, As > Cd. A
significant difference was found between the sampling sites. Higher values of Ni, As, Cd, Pb, Mn and
Zn were measured at a sampling site influenced by traffic and industrial emissions. Factor analysis
extracted two significant factors at both sampling sites with a different heavy metal contribution. The
limit and target values were not exceeded at any of the sampling site.

! Institute for Medical Research and Occupational Health, Ksaverska c. 2, Zagreb
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AlphaChrom d.o.o. ovlasteni je distributer analiticke opreme tvrtki Agilent Technologies, Picarro i
Molecular Devices za Hrvatsku, Bosnu i Hercegovinu te Kosovo.

Za sustavno pracenje razine zagadivaca zraka potrebno je
osigurati dugorocnu procjenu kakvoce zraka i imati
odgovarajuce instrumente. Agilentovi instrumenti obaviti
¢e uzorkovanje zraka, desorpciju, testiranje i analizu
podataka, te postici niske granice detekcije koje se traze
propisima. Agilent nudi raznolik portfelj sustava koji
otkrivaju i mjere Siroki spektar kontaminanata zraka,
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Koristenjem uzorkivaca termalne desorpcije
u kombinaciji s Agilentovim jednostrukim i
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organskih spojeva (VOC, semiVOC) na ppt
razini. Agilentovi mikro GC sustavi
omogucuju brzu analizu, prenosivi su
visekanalni sustavi koji pruZaju dobivanje
vrhunskih laboratorijskih rezultata gdje
god i kad god ih trebate. www.agilent.com

Agilent Technologies je vodeci leader u svijetu atomske
spektroskopije sa inovativnim rjesenjima za vas laboratorij.
Siroko podrucje primjene Agilentovih instrumenata
ukljucuje i analizu anorganskih kontaminanata (metala) u
plinovima. Jednostruki i trostruki kvadrupolni ICP-MS
sustavi nude povecanu selektivnost i osjetljivost s nizim
operativnim trosSkovima. Agilent ICP-OES jedinstvena dual
view tehnologija udvostrucuje produktivnost sustava uz Siri
dinamicki raspon i potrosnju argona manju za 50%. Vise na
www.agilent.com
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lonski kromatografi

Sunset
OC-EC aerosol analizatori

Thermo Scientific TKA
Sustavi za ultra ¢istu vodu

Labconco
Liofilizatori, perilice, koncentratori, glove box

NUVE
Inkubatori, suSionici, test kabineti
autoklavi, komore, centrifuge

ThermoFisher rpecing vour N
SCIENTIEIC 0 L.PGII.SDN

Sunsel I BOECO ""’
Laboratory Inc. m M
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T. Maretica 6
HR-10010 Zagreb
Tel: 01 6625606, 6625607
Fax: 01 6625608
www.anas.com.hr

Tvrtka AnAs d.o.0. osnovana je 1991. godine. Temeljna djelatnost tvrtke je snabdijevanje
analitickom opremom i pripadaju¢im priborom brojnih znanstvenih i sveucilidnih institucija, zavoda za
javno zdravstvo i industrijskih pogona u Hrvatskoj.

Tijekom godina postali smo ekskluzivni zastupnici renomiranih proizvodaca opreme za analitiCku
kemiju iz podrucja kromatografije i spektroskopije (Scion Instruments, Bruker, Analytik Jena, CEM,
DBS, Teledyne ISCO, Teledyne Tekmar, Hitachi, PSS, Rigaku ...).

Da bismo korisnicima pruzili $to kompletniju uslugu, ponudu smo proSirili priborom za pripremu
uzoraka, kromatografskim i spektroskopskim potroSnim materijalom te certificiranim referentnim
materijalima (Restek, Kinesis, Meinhard, Inorganic Ventures, CPAchem, Specac, Starna, Vici...).

Siroka paleta proizvoda koje nudimo, u kombinaciji s nasim znanjem i iskustvom ste¢enim radom
u laboratoriju, omoguéuje nam da ponudimo najbolje rjeSenje za sve vase analize.

Za svu prodanu opremu osiguran je servis u garantnom roku i izvan njega. Serviser je kvalificiran i
treniran kod principala, te ima ovlastenja kao ekskluzivni i certificirani servisni inzenjer, a na poziv
dolazi promptno.

Jedno od temeljnih nacela jest etikom vodeno poslovanije, jer se tako zadovoljavaju neke klju¢ne
vrijednosti: vjerodostojnost, pouzdanost, kompetentnost i Cestitost.

Na zadovoljstvo nasih korisnika kontinuirano unaprjedujemo i prilagodavamo poslovanje njihovim
potrebama, ostvarujuci time svoj cilj.
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ZA DOBRU ATMOSFERU...Frontrock MAX E

ROCKWOOL ADRIATIC d.o.o.

Poduzetnicka zona Pi¢an Jug 130, Zajci
HR - 52333 Potpican

Tel.: 052 858 500

Fax.: 052 858 505
E-mailiinfo@rockwool.hr
www.rockwool.hr
viseodkamena.rockwool.hr

ROCKWOOL ADRIATIC dio je grupacije ROCKWOOL Group, vodeceg svjetskog
dobavljaca inovativnih proizvoda i sustava na temelju kamene vune, koji unapreduju
okolis i kvalitetu zivota milijuna ljudi.

Frontrock MAX E ploce od kamene vune dvoslojne gustoce za izolaciju fasada,
jedinstvene su na trzistu. Osim $to va$ dom Stite od hladnoce i vrucine, pruzaju i

dugotrajnu zastitu od pozara i buke.
ROCKWOOL

PROTUPOZARNA IZOLACI]JA

CREATE AND PROTECT








