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HEPCOHAJIHA U3JIO)KEHOCT HA CYCIHHEHIUPAHU
YECTUYKU BO YPBAHUTE HEHTPU BO MAKEJTOHHNJA -
KOJIKY CME U3JI0’KEHU HABUCTHUHA

Hejan Mupakoscku®, Braxo boes!, Mapuja Xayu Huxonosa', san boes!, Adponura
3ennenckal, Tena Illujakosal

e-mail: dejan.mirakovski@ugd.edu.mk

! ®axynreT 3a npupoaHu U TexHuuku Hayku, AMBUKOH, Vuausepsurer ,,I'one [lenues® —
Itumn, PerryGiika Makenonuja

Bosen: 'onmemara npocropHa ¥ BpeMeHCKa BapWjaOMIHOCT Ha KOHIEHTPAIUUTE
Ha 3araJlyBadykuTe MaTepUH M HAYMHOT Ha XMBOT BO TOJIEMHTE YpOaHH CPEAVHH TH
npaBaT W3MEpPEHUTE aMOMEHTATHU KOHIIEHTpAIWH Ha (MKCHH JIOKAllMM BO ypOaHUTE
CpeIMHU BO HajroyieM Opoj Cilydau Hepernpe3eHTAaTHBHH 3a Ae(UHUpAme Ha peaiHara
U3JIOKEHOCT. MUKPOCPEIMHUTE BO KOHM JIYF€TO C€ HajJoiro BO KOHTakT CO
3araJlyBaukuTe KOMIOHEHTH C€, BCYLIHOCT, rojieM Opoj HEXepMETHYKH 3aTBOPEHH
NPOCTOPUH, KaKO JOMOBH, KaHIEJIapUH, KYjHH, PECTOPaHU U pa3HH MPEBO3HU CPEICTBA
[1]. KonuenTpauuuTe Ha 3araJyBaykHTe KOMIIOHEHTH BO OBHE MUKPOCPEAWHH, BO KOU
IyfeTo MHUHYyBaaT HajroleM el of Bpemero (> 95 %), MoxaT ApacTUYHO Ja ce
pasnukyBaar oj amOuentanuute [1, 2, 3]. CnencrBeHo, peanHata WIH T.H.
,[IEPCOHATHA" M3JI0OKEHOCT MOXKE Ja OHMie OfpeneHa HCKIYYHUBO CO OIpelyBame Ha
KOHIIEHTpPALMUTe BO 30HATa Ha JUIICHE BO CUTE MHKPOCPEAMHHM Kaje ILUTO
IpecTojyBaaT JyreTo, 1o IaT Ha AUPEKTHH Mepera, OMONOMKH MOHUTOPHUHT /WA CO
KOPHCTEHh¢ Ha MHIUPEKTHH METOAW, KaKO HA MPHMeEp, MPEAUKTUBHU MOIenupama [3,
4].

Marepujanu u meroqu: Bo pamkure Ha npoektoT noapxan oq MXKCIIIL, a co
Lel Ja ce MHAWLOUpaaT HUBOATA HA IIEPCOHAIHA H3JIOKEHOCT BO ypOaHHTE LIEHTPH BO
Maxkenonuja, Bo TeKOT Ha nekemMBpu 2015, xako u jaHyapH, jyiH, aBryCT, CEITEMBPH U
HoemBpH 2016 ronuHa, 6ea 3emenu 60 mpumeporw Bo TeroBo u 120 Bo Ckomje. Cexoe
MOEJMHEYHO Mepeme (IMPUMEpOK) BKIydyBa TPAaBUMETPHCKO [IepUHHUparme Ha
NpOCeYHaTa M3JIOKEHOCT Ha pecnupaOMiIHM YEeCTHYKA BO 30HATA HA JHIICHE
(xemucdepa co pamuyc ox 30 cm Okomy JHUIIETO) HA UCIHTYyBaHATA WHAWBHIya 3a
penpe3eHTaTHBEH Mepruonx of 24 daca, a BO COTJIACHOCT CO MOAMMUIIMPAHHUOT METOI
MDHS 14/3. Tlomatomure 3a aMOWEHTHHTE KOHIICHTpaMH BO TeTroBo U
armomepanjatra Cxomje Oea mpesemeHu on oduimjamanor cajt Ha MJKCIIIT
(http://airquality.moepp.gov.mk/).

Pesynratn u amckycuja: PesynraTture HEJBOCMHUCICHO YKaKyBaaT Ha MHOTY

Malla TOBpP3aHOCT Mely TIepCOHAJHATa W3JIOKEHOCT W W3MEPeHUTE aMOHMeHTHH
koHuenTparmu (p = -0,077/0,315 3a Cromje u p = 0,121/-0,0107 3a TetoBo HaaBOp OX U
BO I'pEjHaTa Ce30Ha, COO/BETHO). M3mMepeHaTa mpocedHa M3M0KEHOCT HAJABOP O M BO
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rpejuata cesoHa 3a Teroso msHecyBa 32,9, omsocHo 93,9 ng/md a 3a Ckomje 23,6,
omHocHO 31,2 pg/m®, u ce ox 1,2 10 7 maTu HoManu of aMOMEHTHUTE KOHIEHTPALHHY.
Baksure cocTojou ce qomKaT, mpex ¢, Ha KPaTKHOT MPECTOj Ha OTBOPCHO BO 3UMCKHOT
mepuon, mocebHo Bo Ckomje, 3a pa3nmka o TeToBo, ImTO ce pediieKThpa U CO
MMOBUCOKM HHUBOAa Ha HU3JOKeHocT Bo TeroBo cmopemeHo co Ckomje. Ilpectojor BO
3aTBOPEHH MPOCTOPUH, a TOCCOHO BO MPOCTOPUHU BO KOW MIMa YPEIH 3a MPOYHCTYBAHE
Ha BO3IYXOT (HAMEHCKHU YPEIH U KIUMa-ypear co GHITPH 32 YECTHUYKH), PE3yIATHpa
CO HaMajyBame HAa HUBOATA HA TEPCOHANHA W3JIOKEHOCT, AYPH W BO YCIOBH Ha
€KCTPEMHO BHCOKH aMOHEHTHHU KOHIIEHTpanuu Ha PMyg [5].

KJIy‘lHH 360[)0]31/[: CyClicHAUpaHu Y€CTUYKH, MCPCOHATIHA U3JIOKCHOCT, aMOMeHTHU

JluTepartypa:
[1] Klepeis et al., J. Expo. Sci. Environ. Epidemiol., 11, 2001; 231-252.
[2] Bo et al., Atmosphere, 8, 2017, 136.
[3] W. R. Ott, J. Air. Waste. Manag. Assoc., 40 (7), 1990, 966-975.
[4] C. Monn, Atmos. Environ., 35, 2001, 1-32
[5] Zhang et al., Aerosol. Air. Qual. Res., 17, 2017; 2235-2246
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PERSONAL EXPOSURE TO AIR PARTICULATES IN
MACEDONIAN URBAN AREAS — HOW MUCH ARE WE
EXPOSED

Dejan Mirakovski?, Blazo Boev?, Ivan Boev?, Marija Hadzi Nikoloval, Tena Shijakova?,
Afrodita Zendelska®

e-mail: dejan.mirakovski@ugd.edu.mk

Faculty of Natural and Technical Sciences, AMBICON, “Goce Delcev” University, Shtip,
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Introduction - Large spatial and temporal variability of air pollutants
concentration, the life style and the built environment specifics in the large urban areas,
often render fixed ambient air quality monitoring points as non-representative for the
determination of the real personal exposure, especially in the case of air particulates.
Indoor spaces, like homes, offices, large public/commercial buildings and different
types of vehicles are actually microenvironments were people in urban areas spend most
of their time (>95%). Although essentially non-hermetic, the air particulates
concentrations in those indoor spaces can significantly differ in ambient levels [1, 2, 3].
Therefore, the real personal exposure can be determined only if the air particulates
concentration within the breathing zone of the individual exposed are obtained in all
microenvironments where this individual pass during the day. This can be performed by
means of direct measurements, biological monitoring and/or indirect methods like
predictive modeling [3, 4].

Materials and Methods - As a part of a MOEPP supported project and in order to
indicate personal exposure levels for residents in Macedonia’s urban centers, during
December 2015 and June-November 2016 time averaged air particulates samples in
Tetovo (60) and Skopje (120) were obtained. Each sample defines average personal
exposure to air particulates within breathing zone (30 cm hemisphere around the face)
for a period of 24 hours, according to the modified MDHS 14/3 gravimetric method.
Ambient PM 10 levels were obtained from official MOEPP monitoring network for
respective locations (http://airquality.moepp.gov.mk/).

Results and Discussion - Results clearly indicate a very low correlation between
personal exposure levels and ambient concentrations measured at fixed monitoring
points (p = -0.077/0.315 for Skopje and p = 0.121/-0.0107 for Tetovo, summer and
winter season respectively). The average personal exposure in Tetovo reach up to 32.9
pg/m?® for summer and 93.9 pg/m® for winter season, while in Skopje the exposures
determined were lower reaching 23.6 pg/m® for summer and 31.2 pg/m? for winter
season respectively, and were from 1.2 to 7 times smaller than the ambient level
averages recorded for the same periods. As elsewhere reported, these differences could
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be explained with short direct exposure to ambient levels during the winter season.
Volunteers in Skopje reported minimal outdoor presence (<1h) during the winter
season, while in Tetovo reported that the outdoor presence was between 1 and 4 hours,
which clearly reflect the exposure difference between two cities. The indoor PM 10
concentrations are significantly lower, especially in well air-conditioned homes and
offices and the long term stay in such environments can reduce exposure levels, even
during the high pollution episodes [5].

Keywords: air particulates, personal exposure, indoor, ambient.
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