smm ;rmur. .;j._"- :

L

'." Ll il ®



Tpajue Cradpunos, bumana banabanosa, Po6epr Illaju, Katepuna bauea, braxxo boes

TEOXEMUCKH ATJIAC HA PAJIOBUII M HETOBATA OKOJIMHA U JMCTPUBYLIMJA HA TELIKUA METAJIA
BO BO3IYXOT

Trajée Stafilov, Biljana Balabanova, Robert Sajn, Katerina Bateva, BlaZo Boev

GEOCHEMICAL ATLAS OF RADOVIS AND THE ENVIRONS AND THE DISTRIBUTION OF HEAVY METALS
IN THE AIR




Faculty of Natural Sciences and Mathematics — Skopje
Faculty of Natural and Technical Sciences — Stip
Faculty of Agriculture — Stip

Trajée Stafilov, Biljana Balabanova, Robert Sajn,
Katerina Baceva, Blazo Boev

GEOCHEMICAL ATLAS OF RADOVIS
AND THE ENVIRONS AND THE DISTRIBUTION
OF HEAVY METALS IN THE AIR

Skopje, 2010



IIpupoano-marematuuku gpakyarer — Ckomje
daKy./TeT 32 NPUPOAHU M TeXHUYKH HayKu — HITun
3emjonencku ¢paxkyarer — IlTun

Tpajue Cradunon, busbana banabanosa, Pooept IllajH,
Karepuna bauesa, biaxxo boes

I'EOXEMUCKHU ATJAC HA PAJJOBHIII
N HEI'OBATA OKOJIMHA U IMCTPUBYIINJA
HA TEIIKU METAJIM BO BO3AYXOT

Ckonje, 2010



I'eoxemucku aTnac Ha PafoBuUIlI U HEroBaTa OKOJNIMHA U JUCTPUOYIIMja HA TEIIKA METAIH BO BO3IYyXOT
Geochemical atlas of Radovis and the environs and the distribution of heavy metals in the air

Astopu:

Trajue Cradunos, MuctutyT 3a xemuja, [IpuponHo-matematnuku ¢paxynrer, Cxormje, Penmyonnka Makenonuja
buspana banabanosa, 3emjonencku dakynret, lltnn, Penyonnka Makenonuja

Robert Sajn, Geoloski zavod Slovenije, Ljubljana, Slovenia

Katepuna bauesa, MnctuTyT 32 Xemuja, [IpuponHo-matematnuku ¢paxynrer, Ckorje, Penydianka Makenonuja
brnaxo boes, ®akynTet 3a nmpupoaHu U TeXHUIKN HaykH, [lItum, Pemy6nuka Makenonuja

Authors:

Trajce Stafilov, Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Skopje, Republic of Macedonia
Biljana Balabanova, Faculty of Agriculture, Stip, Republic of Macedonia

Robert Sajn, Geological Survey of Slovenia, Ljubljana, Slovenia

Katerina Baceva, Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Skopje, Republic of Macedonia
Blazo Boev, Faculty of Natural and Technical Sciences, Stip, Republic of Macedonia

Penenzenru:
Karapuna Uynnesa, MuctutyT 3a Xemuja, [IpuponHo-matemaTnuku ¢paxynrer, Cxorje, Penryonnka Makenonuja
Jymko Mykaetos, 3emjonencku HHCTUTYT, Ckomje, PenyOnrka Makenonuja

Reviewers:

Katarina Cundeva, Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Skopje, Republic of Macedonia
Dusko Mukaetov, Institute of Agriculture, Skopje, Republic of Macedonia

ISBN 978-9989-668-85-2



COJIP)KUHA

CIHICOK HA KAPTU
1. BOBE/]

2. TEOTPA®CKHU OMNUC

3. TEOJIOILIKY OITUC

4. MATEPUJAJI U METOJIN

4.1. 3eMame IpUMEPOITH

4.2. CucreMm 3a TT100aTHO TIO3UIIHOHUPAHE
4.3. [TonroToBKa Ha MPUMEPOITUTE

4.4. UncTpy™MeHTanyja

4.5. BepoocTojHOCT Ha JOOUCHUTE
pe3ynTatu

5. OBPABOTKA HA ITOJATOLIUTE
N N3PABOTKA HA KAPTUTE

5.1. CratucTryKa aHajan3a

5.2. Manupame Ha HoJaToluu

6. BMOMOHUTOPUHI" CO ITPUMEPOLIN
HA MOB

6.1. AaTpomorena pacnpeaenta Ha XeMUCKH
CJIIEMEHTH

6.1.1. T'eoxemucka acormujaruja
Ha Al-As-Cd-Cu-Fe-Pb-Zn

6.2. [lpupoaHa uCTpUOYIHja HA CICMEHTUTE
6.2.1. 'eoxemucka acouujanuja Cr-Ni-Sr

6.2.2. 'eoxemucka acouujanuja Ba-K-Na

7. BMIOMOHUTOPUHI" CO [TPUMEPOLIN
I[MTPAB Ol IOTKPOBHU I'PEZIN

7.1. T'eoxemucka acouujanuja
Ca-Li-Mg-Mn-Sr

7.2. T'eoxemucka acouujanuja Co-Cr-Ni

7.3. T'eoxemucka acounjanuja As-Cu-Pb

8. MOHUTOPHUHI" CO ITPUMEPOLIN IIOYBA

8.1. 'eoxemucka aconujarmja
Al-Ca-Cd-Cr-Fe-Mg-Mo

8.2. 'eoxemucka aconujarja
Li-Mn-Na-Ni-Pb

8.3. 'eoxemucka aconujamuja Ba-Sr

10. JUTEPATYPA

12
15

22
22
26
28
29

29

32
32
33

35

39

40
40
40
41

45

48
48
48

52

56

56
57

57

CONTENT

LIST OF MAPS

1. INTRODUCTION

2. GEOGRAPHIC DESCRIPTION
3. GEOLOGICAL DESCRIPTION

4. MATERIAL AND METHODS
4.1. Sampling
4.2. Global positioning system
4.3. Sample preparation
4.4. Instrumentation

4.5. Reliability of chemical analyses

5. DATA PROCESSING AND DRAWING
MAPS

5.1. Statistical analysis

5.2. Data mapping

6. BIOMONITORING WITH MOSS
SAMPLES

6.1. Anthropogenic distribution of chemical
elements

6.1.1. Geochemical association Al-As-Cd-
Cu-Fe-Pb-Zn

6.2. Natural distribution of elements
6.2.1. Geochemical association Cr-Ni-Sr

6.2.2. Geochemical association Ba-K-Na

7. MONITORING WITH ATTIC DUST SAM-
PLES

7.1. Geochemical association
Ca-Li-Mg-Mn-Sr

7.2. Geochemical association Co-Cr-Ni

7.3. Geochemical association As-Cu-Pb

8. MONITORING WITH SOIL SAMPLES

8.1. Geochemical association
Al-Ca-Cd-Cr-Fe-Mg-Mo

8.2. Geochemical association
Li-Mn-Na-Ni-Pb

8.3. Geochemical association Ba-Sr

10. REFERENCES

12
15

22
22
26
28
29

29

32
32
33

35

39

40
40
40
41

45

48
48
48

52

56

56
57

57



IMPUJIOT

Kapru Ha mpoctopHa pacnpe/enda Ha eJIeMeHTH-
T€ BO MOB, BO IIpaB OJ1 IIOTKPOBHH I'PEIH U BO
noysara

CIIMCOK HA KAPTH
Kapra 1. Jlokanyja Ha HICIIUTYBAHOTO TIOJpayje

Kapra 2. Jlokauuja cnopen yrnorpebara Ha 3eMj-

UmTeTO BO PaZ[OBI/IIH " HEroBaTa OKOJIMHa

Kapra 3. I'eonomka xapta Ha PagoBui u Herosarta

OKOJIMHA

Kapra 4. Jlokanuu Ha 3eMambe IPUMEPOId Ha MOB U
TeHepaJI3upaHa reoIoTrja Ha HCIUTYBa-

HOTO TIOJZipayje

Kapra 5. Jlokanuu Ha 3eMame IPUMEPOLIH MPaB O
MMOTKPOBHU TPEIN U TeHEpaTN3UpaHa reo-

JIOTHja Ha TOAPaYjeTo

Kapra 6. Jlokanuu Ha 3eMame IpUMEPOLU I10YBa

Kapra 7. [IpocropHa pacripenen6oa Ha BpeAHOCTHTE
3a (paktop 1 Bo mpuMmeponuTe Ha MOB
(Al As, Cd, Cu, Fe, Pb, Zn)

Kapra 8. IIpocropna pacrnipesnien6a Ha BpeJHOCTUTE
3a hakTop 2 BO MPUMEPOITUTE HA MOB

(Cr, Ni, Sr)

Kapta 9. [Ipocropna pacripeznenda Ha BpeTHOCTUTE
3a hakTop 3 BO MPUMEPOITUTE Ha MOB
(Ba, K, Na)

Kapta 10. IIpocTopHa pacripeenta Ha BpeIHOCTHTE
3a (pakTop 1 BO mpuMeponUTE HA TIpaB
(Ca, Li, Mg, Mn, Sr)

Kapra 11. IIpocropna pacrpeznenba Ha BpeTHOCTUTE
3a (pakTop 2 BO MPUMEPOLIUTE Ha TIPaB

(Co, Cr, Ni)

Kapta 12. IIpoctopHa pacnpezenta Ha BpeTHOCTUTE
3a (pakTop 3 BO MpUMEPOIIUTE HA ITPaB

(As, Cu, Pb)

Kapta 13. IIpocTopHa pacnpezenta Ha amyMHUHAYM

BO MOB

Kapta 14. IIpocTopHa pacnpezenda Ha apceH BO

MOB

Kapra 15. IIpocropna pacnpeznesnba Ha GapryM BO

MOB

Kapra 16. I[Ipocropna pacnpenenda Ha KaJauyM BO

MOB

61

15

21

23

25

26

42

43

44

50

51

52

63

64

64

64

APENDIX

Maps of spatial distribution of the elements in
moss, in attic dust and in soil

LIST OF MAPS

Map 1. Location of the study area

Map 2. Landuse map of Radovis area

Map 3. Geologic map of the Radovi§ area

Map 4. Moss samples locations and generalized
geology of study area

Map 5. Attic dust samples locations and general-
ized geology of study area

Map 6. Soil samples locations

Map 7. Spatial distribution of Factor 1 scores in
moss samples (Al, As, Cd, Cu, Fe, Pb, Zn)

Map 8. Spatial distribution of Factor 2 scores in
moss samples (Cr, Ni, Sr)

Map 9. Spatial distribution of Factor 3 scores in
moss samples (Ba, K, Na)

Map 10. Spatial distribution of Factor 1 scores in
attic dust samples (Ca, Li, Mg, Mn, Sr)

Map 11. Spatial distribution of Factor 2 scores in

attic dust samples (Co, Cr, Ni)

Map 12. Spatial distribution of Factor 3 scores in

attic dust samples (As, Cu, Pb)

Map 13. Spatial distribution of aluminum in moss

Map 14. Spatial distribution of arsenic in moss

Map 15. Spatial distribution of barium in moss

Map 16. Spatial distribution of calcium in moss

61

15
16

21

23

25

26

42

43

44

50

51

52
63

64

64

64



Kapra 17.

Kapra 18.

KapTa 19.

Kapta 20.

Kapra 21.

Kapra 22.

ITpocropHa pacnipenenba Ha KagMUYM BO
MOB

ITpocropHa pacripeznenda Ha KOOANT BO
MOB

ITpocropHa pacipezaenba Ha XpOM BO MOB

IIpocropHa pacnpenenda Ha 6akap BO
MOB

IMpocropHa pacrnpenesba Ha Kele30 BO MOB

ITpocropHa pacrpezaenba Ha KajJuyM BO
MOB

Kapra 23 IIpocTopHa pacnpenenta Ha MaHraH Bo

Kapra 24.

Kapra 25.

KapTa 26.

Kapra 27.

Kapra 28.

Kapra 29.

Kapra 30.

Kapra 31.

Kapra 32.

Kapra 33.

Kapra 34.

Kapra 35.

Kapra 36.

Kapta 37.

Kapra 38.

Kapta 39.

Kapra 40.

MOBS

IIpocropHa pacripenenba Ha HATPHYM BO
MOB

ITpocropHa pacrpeznesnba Ha HUKEN BO
MOB

ITpocropHa pacrpezaenba Ha 0JI0BO BO
MOB

ITpocropHa pacipezaenba Ha CTPOHIMYM
BO MOB

ITpocropHa pacnpesnenda Ha IUHK BO MOB
ITpocropHa pacripenenda Ha aTyMHUHHYM
BO IIPaB O/ HOTKPOBHU I'pein

[TpocropHa pacripenenba Ha apceH BO
IIpaB O] HOTKPOBHU Ipeau

ITpocropHa pacripenenba Ha GapryM BO
IpaB OJ] HIOTKPOBHHU IPeIr

ITpocropHa pacrpezaenba Ha KaauyM BO
MpaB 01 HIOTKPOBHU Ipein

ITpocropHa pacrpenesnba Ha KaAMUYM BO
IpaB o1 HOTKPOBHU Ipein

ITpocropHa pacrpenenda Ha KOOANT BO
IIpaB O] HOTKPOBHU Ipeau

ITpocropHa pacrpeznenda Ha XpOM BO
IIpaB 0] HOTKPOBHU Ipeau

IMpocropna pacripenenba Ha Gakap BO
IIpaB OJ1 HOTKPOBHU I'pein

ITpocropHa pacrpezenba Ha Keae30 BO
IpaB o1 HIOTKPOBHU Ipen

ITpocropHa pacipezaenba Ha KajJuyM BO
IpaB o1 HIOTKPOBHU Ipen

ITpocropHa pacmpezenda Ha JUTHYM BO
IpaB 01 HIOTKPOBHU Ipen

IIpocTopHa pacrnpenenba Ha MarHe3UyM
BO IpaB 01 IOTKPOBHU Tpeau

65

66

66

67

68

68

69

69

70

70

71

71

72

72

73

73

74

74

75

75

76

76

Map17. Spatial distribution of cadmium in moss

Map 18.

Map 19.

Map 20.

Map 21.

Map 22.

Map 23.

Map 24.

Map 25.

Map 26.

Map 27.

Map 28.

Map 29.

Map 30.

Map 31.

Map 32.

Map 33.

Map 34.

Map 35.

Map 36.

Map 37.

Map 38.

Map 39.

Map 40.

Spatial distribution of cobalt in moss

Spatial distribution of chromium in moss

Spatial distribution of copper in moss

Spatial distribution of potassium in moss

Spatial distribution of kalium in moss

Spatial distribution of manganese in moss

Spatial distribution of sodium in moss

Spatial distribution of nickel in moss

Spatial distribution of lead in moss

Spatial distribution of strontium in moss

Spatial distribution of zinc in moss
Spatial distribution of argentum scores in
attic dust

Spatial distribution of aluminum scores in
attic dust

Spatial distribution of arsenic scores in
attic dust

Spatial distribution of barium scores in
attic dust

Spatial distribution of calcium scores in
attic dust

Spatial distribution of cadmium scores in
attic dust

Spatial distribution of cobalt scores in attic
dust

Spatial distribution of chromium scores in
attic dust

Spatial distribution of copper scores in
attic dust

Spatial distribution of iron scores in attic
dust

Spatial distribution of potassium scores in
attic dust

Spatial distribution of litium scores in attic
dust

65

65

66

66

67

67

68

68

69

69

70

70

71

71

72

72

73

73

74

74

75

75

76

76



Kapra 41.

Kapra 42.

Kapra 43.

Kapra 44.

Kapra 45.

Kapra 46.

Kapra 47.

Kapra 48.

Kapta 49.

Kapra 50.

Kapra 51.

Kapra 52.

Kapra 53.

Kapra 54.

Kapra 55.

Kapta 56.

Kapra 57.

Kapra 58.

Kapra 59.

Kapta 60.

Kapra 61.

KapTa 62.

Kapra 63.

Kapra 64.

IMpocropHna pacnpenenba Ha MaHTaH BO

IIpaB OJ1 HOTKPOBHU I'pean 77
ITpocropHa pacripenenba Ha HATPUYM BO
1paB OJ] HIOTKPOBHHU IPeIr 77
ITpocropHa pacupenenda Ha HUKEI BO
1paB O] HIOTKPOBHHU Iper 78
ITpoctopHa pacnpenenda Ha OJIOBO BO
1paB 0] HIOTKPOBHHU Iper 78
ITpoctopHa pacnpenenda Ha CTPOHIYM
BO IIPaB O IOTKPOBHU I'pein 9
ITpocropHa pacnpenenba Ha IUHK BO
IIpaB O/ HOTKPOBHU I'pean 79
ITpocropHa pacripenenda Ha aTyMHHHYM
BO II0YBAaTa 0
ITpoctopHa pacnpenenda Ha apceH BO
noyBata 0
IIpocropHa pacmpenenda Ha 6GapuyM BO
oyBarta 1
ITpocropHa pacripenenba Ha KaJauyM BO ’1
roysara
ITpoctopHa pacnpernenda Ha XpOM BO
roysara 82
IMpocropHa pacripenenba Ha Gakap BO
royBara 82
[TpocropHa pacrpeznenda Ha KeJe30 BO
noyBara 83
ITpocropHa pacripenenba Ha rajiuym BO
oyBaTta 83
ITpoctopHa pacnpernenda Ha KaJuyM BO
oyBarta 84
ITpoctopHa pacnpenenda Ha JIUTHYM BO
oyBarta 84
ITpocropHa pacripenenba Ha MarHe3MyM
BO I10YBAaTa 85
IIpocropHa pacnipenenba Ha MaHTaH BO
royBara 85
ITpocropHa pacripenenda Ha HATPUYM BO
royBara 6
ITpocropHa pacnpenenda Ha HUKEI BO
oyBarta 86
ITpoctopHa pacnpezenda Ha 0JIOBO BO
oyBarta 87
ITpocropHa pacnpenenda Ha CTPOHIYM
BO II0YBaTa 7
[TpocropHa pacrpeznenda Ha BaHaJHyM BO
roysara 8
ITpocropHa pacripenenba Ha LIUHK BO 88

mo4yBara

Map 41.

Map 42.

Map 43.

Map 44.

Map 45.

Map 46.

Map 47.

Map 48.

Map 49.

Map 50.

Map 51.

Map S2.

Map S3.

Map 54.

Map 55.

Map 56.

Map 57.

Map S8.

Map 59.

Map 60.

Map 61.

Map 62.

Map 63.

Map 64.

Spatial distribution of magnesium scores
in attic dust

Spatial distribution of manganese scores in
attic dust

Spatial distribution of sodium scores in
attic dust

Spatial distribution of nickel scores in attic
dust

Spatial distribution of lead scores in attic
dust

Spatial distribution of strontium scores in
attic dust

Spatial distribution of aluminum in soil
Spatial distribution of arsenic in soil

Spatial distribution of barium in soil

Spatial distribution of calcium in soil

Spatial distribution of chromium in soil

Spatial distribution of copper in soil

Spatial distribution of iron in soil

Spatial distribution of gallium in soil

Spatial distribution of potassium in soil

Spatial distribution of lithium in soil

Spatial distribution of magnesium in soil

Spatial distribution of manganese in soil

Spatial distribution of sodium in soil

Spatial distribution of nickel in soil

Spatial distribution of lead in soil

Spatial distribution of strontium in soil

Spatial distribution of vanadium in soil

Spatial distribution of zinc in soil

77

77

78

78

79
79

80

80

81

81

82

82

83

83

84

84

85

85

86

86

87

87

88

88



1. BOBE]

Temkure MeTamu KOW ce cpekaBaaT BO Tparu
MpeTCTaByBaar rojeMa rpyrma eIeMeHTH 1 HUBHOTO
MPUCYCTBO UMa 3HAYMTEITHO BIIMjaHUC HA OKOJMHA-
Ta BO CMHCJAa Ha WHAYCTPUCKU W OWOJIOIIKK 3HA-
YajHH KOMIOHeHTH. Ho He cekoram mpaBHIIHO ce
ynoTpedyBa TEpMUHOT ,,TeIIKK MeTanu . OBoj Tep-
MHH HaQj9eCTO € YyHOoTpeOyBaH O/ XEMHCKH acCICKT,
OJTHOCHO KOTa C€ MFCITM Ha ToJeMa Irpyma eleMeH-
TH CO T'YCTHHA Morojema oj 6 g cm” [1]. 3a ume-
HyBame Ha OBaa rpymna eJIeMEHTU Ce KOPUCTAT U
JIpyTd TEPMUHH, HA TPUMEDP ,,TOKCUYHU METaIU",
MOpajy TOA MITO CE€ TOKCUYHU 3a KUBUTE OpPTaHU3-
MH KOT'a C€ CpekaBaaT BO MOBHCOKH COAPKUHH BO
npupoxarta [2, 3]. Ha mpumep, Co, Cr, Cu, Mn, Mo
1 Zn ce eCeHITHjaTHU eJICMEHTH 3a PacTCHHjaTa BO
HUCKH COAPXKHWHHU, HO BUCOKU COIPKHHU OJi OBHUE
€JIEMEHTH [IOBEAyBaaT 10 HapylUIyBame Ha TIpHU-
ponHaTa OMOXeMHCKa PaMHOTEXa Ha TIOCTOCHE Ha
PACTHTETHUTE W AaHWMAJHUTE OpPTaHW3MH. 3aToa
OBHE €JIEMEHTH BO BHUCOKHU COJIPKUHHM JICjCTBYBaat
TOKCHYHO 32 )KHBHUTE OPTaHU3MH. TE€pPMHHOT ,,TeIII-
KM METaIn‘ HajuecTo ce KOPUCTH KOra ce MUCIH
Ha T0jaBaTa Ha 3araJyBame WK TOKCHIHOCT. OBOj
TEpMHH HE Tpeba /1a ce KOPHUCTHU 3a TPyIa eJIeMeH-
TH KOja MOXeE J]a Ce CMeTa 32 €KOHOMCKH U IpH-
ponHo 3HavajHa [4-6].

TepmuHOT ,3aramgyBame” ce oOIHeCyBa Ha
BHECYBam€ CYICTAHIIUN WM €HEepruja oj CTpaHa
Ha YOBEKOT BO XKMBOTHATa CPEUHA, IIITO MOXKE J1a
Mpeau3BUKa OMACHOCT 32 YOBEKOBOTO 3JpaBje U
HapylIyBame Ha KUBUTE PECYPCH U EKOJIOIIKHTE
CHUCTEMU WJIM OINTETyBamke Ha 00jexTH [7]. Criopen
nebpunuimjata Ha Holdgate, 3azaoysareitio th
orndaka COAPXKHMHUTE HA CeKOja TOTEHIIH]jaTHO
OTIacHA CYIICTaHIMja, 0e3 paszirKa Jad joara 1o
BUJUIMBO IITETHO JISjCTBO BP3 KUBOTHATA CPEIMHA
[8]. CoonBeTHO Ha OBa, BO TakBa rpymna CyIlCTaH-
[IMU cTiaraaT ¥ TEIIKUTe MeTanu. EMucujata Ha Te-
IIKUTE METaJIN BO MPUPOJaTa HACTaHyBa MPEKy He-
KOJIKy mponecu. Hajronema 3akaHa 3a 4OBEKOBOTO
3/IpaBje € eMHCHjaTa Ha TEIIKUTE METaIHd BO aTMO-
chepara. JIyfeTo ce NUPEKTHO H3JI0KCHH Ha JIEjC-
TBOTO Ha TEIIKUTE METAIM BO BO3IYXOT MPEKY
BIIUIIYBakh¢ HA MHUKPOUYSCTHUKHUTE O aTMocgep-
CKHOT TIpaB.

Ekcrosuijara Hajuecto € aeUMHUpa Kako
(dbyHKIIHMja O COMp)KMHATA HA 3aramyBad M BpeMe-
TO, OAHOCHO Kako ,,lI0jaBa OCTBapeHa Of AWPEKT-
HUOT KOHTaKT TOMery JyI'€TO U KUBOTHATa Cpelu-
Ha CO OJIpe/IeHO KOJIMYECTBO 3arajyBad 3a OJIpe/IeH
BpeMeHCKH HHTepBan™ [9]. M3noxeHocta Ha Te-

1. INTRODUCTION

Heavy metals, or trace metals, is the term ap-
plied to a large group of trace elements which are
both industrially and biologically important. Al-
though not completely satisfactory from a chemical
point of view, 'heavy metals' is the most widely
recognized and used term for a large group of ele-
ments with an atomic density greater than 6 g cm™
[1]. Other names have been used for this group of
elements, such as "toxic metals" because they are
toxic to living organisms when their content in na-
ture is higher than normal [2, 3]. However, some
elements, such as Co, Cr, Cu, Mn, Mo and Zn, are
essential elements for plants in small concentra-
tions, but high concentrations of these elements
lead to disruption of the natural biochemical bal-
ance of the existence of plant and animal organ-
isms. Therefore, these elements in high contents
are toxic for living organisms. The term "heavy
metals" is often used when speaking about the
phenomenon of pollution and toxicity. So this term
should not be used as a collective name for a group
of elements of considerable economic and envi-
ronmental importance [4—6].

The term "pollution" refers to the introduction
of substances or energy by man into the environ-
ment, liable to cause hazards to human health,
harm to living resources and ecological systems,
damage to structures or amenity, or interference
with legitimate uses of the environment [7]. Ac-
cording to Holdgate's definition, the term pollution
covers the contents of any potentially harmful sub-
stance, whether or not adverse effects on the envi-
ronment are observed [8]. Accordingly, heavy
metals belong to such a group of substances. Emis-
sions of heavy metals into the environment happen
through several processes. The emission of heavy
metals into the atmosphere is one of the greatest
threats to human health. People are directly ex-
posed to the effects of heavy metals through inha-
lation of airborne microparticles from atmospheric
dust.

Exposurea is usually defined as a function of
the pollutant content and time, i.e., that it is "an
appearance achieved by direct contact between
humans and the environment with the pollutant
content in a given interval of time" [9]. Exposure



INKA METAJIM € BO3MO>XHaA JOKOJIKY ITOCTOU KOpEi1a-
LII/Ija Ha TCIIKUTC MCTAJIU U J'ny‘eTO.

3aragyBameTO Ha BO3AYXOT CO TEIIKH METAIIN
MpeTcTaByBa TI00ANEH MPOIEC MITO TO 3acera ce-
Koj nen ox 3emjunHara Tomka. [IpumoHecoT Ha 4o-
BEUKHOT (hakTOp 32 OBaa TojaBa € MHOTY LIHPOK U
KOMIUIEKCEH U JIOBEyBa J0 TOBPATHU MPOIIECH.

Wako BiIHjaHUETO HA YOBEKOT BP3 3aralyBame
Ha BO3JyXOT BOAM TOTEKJIO OJ HEOJUTCKO BpEMe,
nmpoOJeMuTe Ha AerpajaryjaTa Ha €KOCHCTEMUTE,
MpeKy HUBHO 3arajyBame, 3HAYUTEIHO CE 3roJje-
MEHHU BO MOCJIEIHUTE AelieHnd Ha XX Bek. 3araay-
BambETO HAa BO3IYXOT CO TEUIKH METAIH € MpeaIMeT
Ha MHOTY CTYJIWH M HajU4eCTO C€ jaByBa BO MHIYC-
TpUjaTU3UpaHuTe 00JAaCTH Ha MeECTaTra Kaje IITO
CE BPIIIM UCKOPUCTYBaWkE H 00pa0d0TKa Ha MIPUPOJI-
HU pecypen (HadTa, pyau U CIL.), BO 00JacTUTE CO
TOJIEMH HACeJICHW MeCTa KaJe MTO coo0pakajoT u
KOMYHAJTHUOT OTIIa]] CE TJIABHUTE M3BOPH HA MeTa-
nute utH. [10].

[MoTeHnujaHN eMUTEPH HA TEITKU METAIN BO
BO3AYXOT C€ PYyIHHUYKUTE aKTUBHOCTH M 00paboT-
Kara Ha pyAuTe, Kako W OTHJ0T OJ NpepadoTy-
Baukute Tporecd. O ocobeH HHTEpEC ce pyaHHY-
KHTE aKTHUBHOCTH Kaj MOBPIIMHCKHUTE KOIIOBH Ha
PYIH, IOpaan roJeMUuoT Opoj HEMOCPEAHH 3aragy-
BavKM (paKTOPU KO TEIIKO ce KOHTPOJIHPAAT U Me-
Hampaart. [loceOeH akueHT ce JaBa Ha OpraHu3a-
IyjaTa Ha TOBPIIMHCKUTE KOMOBH (MATHINTA 3a
JIBIDKEEC Ha BO3MJIATA 33 NMPEHOC HAa PyIHUYKATA
jaJIOBUHA), VIPAaBYBAakHETO CO OTHAAOT (pyAHHUYKA
1 GIIOoTaMOHA jaJIOBUHA), KAKO M Ha ()pEKBEHIIN]a-
Ta HAa EKCIUIO3MUTE 3a OTKOIYBambe Ha PYyJTHHTE
muHepam [11].

3araqyBameTO Ha BO3AYXOT CO TEIIKUA METaIH
BO 00JIaCTUTE BO KOM MMa MPHCYCTBO HA OTBOPEH
PYJHUYKH KOI € HEMUHOBEH Tpoliec. [ 1aBHU ma-
THIIITA HA OCTIO00yBakbe Ha 3arajyBaduTe ce CO3-
JlaBaaT CcO TMPOLIECOT HA EKCTPakiHja, KOHLIEHTPU-
pame W ojJiarame Ha OTHaIoT Ha oTBopeHo. [Ipa-
BUJIHO KOHTPOJIMPAKkE HA aHTPOIOTCHUTE aKTHB-
HOCTH BO CHTE OBHE HaBEJCHH IIPOLIECH IO YCIOBYBa
Y CTCIICHOT Ha 3arajlyBame Ha KMBOTHATA CPEAHHATA
[12].

OHUHUOT TpaB KOj ce CO3/aBa MPH eKCIUIO3UH-
T€ W MCKOITyBamara Ha PyJIHUTE MUHEPAIH CE pa3-
HecyBa CO TIOMOII Ha BeTpoBHTe. JlupekTHaTa u3-
JIO’)KEHOCT Ha JIyfeTO Ha (MHUOT IpaB, KOj JIECHO
ce BHECYBa BO OPraHM3MOT NPEKY pPecUpaTOpHU-
OT CUCTEM, MPETCTaByBa 3arPHKYBAYKU (HaKTOP O
acmeKkT Ha HUBHOTO 3xapasje [13]. JoxmoBuTe UcTO
Taka MpHUIOHECYBaaT 3a €PO3MBHUTE INPOLECH Ha
3€MjHUILTETO O MOBPIIMHCKUTE KOMOBH M OJ PyI-

to heavy metals is possible if there is a coexistence
of heavy metals and people.

Air pollution with heavy metals is a global
process that affects every part of the globe. The
contribution of the human factor to this phenome-
non is very broad and complex, which leads to
feedback processes.

Although the human impact on the biosphere
dates back to the Neolithic period, the problems of
degradation of ecosystems due to the pollution be-
came increasingly acute during the last decades of
the 20th century.

Air pollution with heavy metals is the main
subject of many studies and usually occurs in in-
dustrialized areas, in places where exploitation and
processing of natural resources (oil, ore, etc.) are
performed, in areas with large population centers
where traffic and municipal waste are the main
sources of metals, etc. [10]

Mining activities, ore processing and proces-
sing of waste are potential emitters of heavy metals
in air. As more important are mining activities on
surface excavation of ore due to the large number
of direct polluting factors that are difficult to con-
trol and manage. Special emphasis is given to the
organization of the pit (road movement of dampers
carrying ore waste), waste management (ore and
flotation tailings) as well as the frequency of ex-
plosions for excavation of mining minerals [11].

Air pollution with heavy metals is most char-
acteristic and an inevitable process for areas with
the presence of an open ore pit. The main sources
for releasing the pollutants are the extraction, con-
centration and separation of waste in the open. The
level of the environmental pollution will depend on
proper control of anthropogenic activities in the
mentioned processes [12].

Fine dust generated during blasts and excava-
tion of mining minerals is distributed in air by the
winds. Direct human exposure to the fine dust
which easily enters the body through the respira-
tory system is a worrying factor in terms of their
health [13]. Rains also contribute to the erosion
processes of opencast surfaces and ore tailings.
This effect is known as "natural rinsing" [14]. Such
erosion processes contribute to the increasing con-
tent of metals in ore minerals in air and soil. The
increased content of heavy metals in the surface
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Hrukara jagoBuHa. OBOj edekT € mo3HaT Kako
,»IIPUPOJHO MpoMuBame™ [14]. BakBute epo3uBHU
MPOIIECH ja 3rojieMyBaaT COAPKHHATA HA METAINTE
MIPUCYTHH BO PYJHUTE MHUHEPATH BO BO3IYXOT U
rmouBara. 3rojJieMeHaTa COIp)KWHA Ha TEIIKUTE Me-
Tajgu BO MOBPIIMHCKHUTE CIIOCBH Ha IMOYBaTa IPH-
JIOHECYBa BETPOBUTE Jia TH HOCAT Kako (hUH IMpaB
Bo atMocdepara [15, 16].

BakBure aHTpONOreHH aKTUBHOCTH 32 HCKO-
pHUCTyBam€ Ha NPHPOJHHUTE PECYpcH W HHUBHATa
npepadoTKa MPEeKy COOJBETHU TEXHOJOIIKH IPO-
LECH U YNPaBYBAKETO CO OTMAAOT OJ HHUB IpeT-
cTaByBaaT rjo0ajieH mpoOjieM Ha 3aragyBame Ha
JKUBOTHATa cpeauHa. PemyOimuka MakenoHuja He
OTCTamyBa Off OBaa riio0ajHa paMKa Ha 3aragyBa-
e Ha BO3AYXOT CO TEIIKH MeTanu. Pesynrarute
JOOHMEHU O] IOCETAITHUTE UCTTHTYBamka Ha 3araiy-
BamkETO Ha BO3AYXOT yKa)KyBaaT JeKa COCTOjOaTa
Bo P. MakenoHuja He € MOBOJIHA BO OJHOC Ha ae-
po3aragyBameTo co Telku MeTanu. Kako riaBHH
EMHCHOHH W3BOpH C€ jaByBaaT TONWIHHIINTE,
CJIEKTPaHUTE U PYAHULHTE, KaKO U (IOTALUHUTE 32
0JIOBO, IIMHK, Oakap u ci. [17, 18].

Bo ncrounnot pervon Ha P. Makenonnja eneH
O]l TJIaBHUTE W3BOPH HA EMHUCHja HA HEKOM METallu
MpeTCTaByBa PYIHUKOT U QuoTanujara 3a Oakap
,,byauM* Bo Onm3nuHa Ha Tpagot Pagosum. Pymau-
KOT ¥ MOCTpOjKaTa 3a MOJArOTOBKA Ha pyZara ce BO
¢yHKLIHMja O JAOLHUTE CEAYMAECETTH TOAWHU Ha
MHUHATHOT BeK. VcKomyBameTo Ha pyJHUTE MHHE-
panu ce BPIIU CO TMOBPIIMHCKHU KOII, a pyJHHYKaTa
jaloBHHA ce CKJIaupa Ha OTBOPEHO HEMOCPEIHO
1o pyanukot. Mckonanara OakapHa pyna o pya-
HUKOT C€ IpepadoTyBa BO IOTrOHOT (hJIOTAlHja,
MPU IITO BO MPOIECOT Ha (QIIOTHPAkE HA MHUHEpa-
nute Ha Oakap ce u3ABOjyBa (hIOTALMOHA jalOBH-
Ha, KOja ce OJJBOJHYBa U JETIOHHPa BO XUAPOjaio-
BHUINTE JIOIMPAHO HEMOCPEIHO A0 CAaMHOT PYIHHK
kaj cemoro Tononuawmma [19-21].

HajmoromHa TexHUKa 3a BAaKOB THI UCTPaXYy-
BamkE € IPUMEHA Ha COOJIBETCH MOHUTOPHHT KOj K&
OBO3MOJKH TIOIOJITOTPAJHO U e(PUKACHO YTBPAYBa-
e Ha KBAJUTETOT HAa BO3AYXOT BO UCIHUTYBAHOTO
nonpadje. Kako MOHHTOpH BO IMPOIIECOT HA MOHH-
TOPUHTOT HAjU9eCTO C€ KOPHUCTAT OJPEICHH PaCTH-
TEJHHU BUJOBH (Pa3HH BHJIOBH MOB), MPaB O IOT-
KpPOBHHU rpeiyt, TouBa u ci. [IporpamuTte 3a 6nomo-
HUTOPHHT CE€ CIPOBEIyBaaT Kako el O]l TOoJeM
Opoj aHATUTHYKU UCTPAXKyBamka MHOTY OJIaMHa, HO
MOCJIeHUBE JICLICHNH HUBHATa NMPUMEHA 3eMa To-
niem 3amaB. OBa ce IOJDKU Ha TOa IIITO MOHUTOPHH-
TOT He 0apa KOPUCTEHE CKala TeXHHYKa OIlpeMa.
AHaIUTUYKUTE PE3yNTaTH ja Opa3yBaaT CIIMKaTa
3a MOJONT BPEMEHCKH NeproJl. BHOMOHUTOPHHTOT

layers of soil are carried by the winds in the at-
mosphere as fine dust [15, 16].

Such anthropogenic activities of using of na-
tural resources and their processing through appro-
priate technological processes and waste manage-
ment are a global problem of environmental pollu-
tion. The Republic of Macedonia does not deviate
from the global framework of air pollution with
heavy metals. The results obtained from previous
studies on air pollution, suggest that the situation
in the Republic of Macedonia is not favorable in
terms of air pollution with heavy metals. The main
emission sources appear to be power plants, mines,
as well as flotation for lead, zinc, copper and met-
allurgical plants for the production of nickel, steel,
lead, zinc and different ferroalloys [17, 18].

One of the major emission sources of some
metals in the eastern part of the R. Macedonia is
Bucim copper mine and flotation, near the town of
Radovi$. The mine and plant for the preparation of
ore are in function from the late seventies of the
last century. Ore excavation is from open pit and
the ore tailings are stored in the open, in mine vi-
cinity. The produced copper ore from the mine is
processed in the flotation plant; after the flotation
of copper minerals, the flotation tailings are sepa-
rated, disposed of and deposited on a dump site in
an adjacent valley near the village Topolnica [19-
21].

Monitoring of air pollution has proved as a
most useful technique for determining deposition
of heavy metals and atmospheric pollution with
these in different geographical areas. Certain plant
species, attic dust and soil are commonly used as
monitors for this process. Biomonitoring programs
have been performed as part of a large number of
analytical studies for a long time, but their applica-
tion in recent decades has taken a swing. This is
due to the fact that monitoring does not require the
use of expensive technical equipment. Analytical
results reflect the situation for a long period of
time. The monitoring allows analysis of large areas
and the types of monitors are chosen according to
the analyst and the type of analysis [22-24].
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OBO3MOJKYBa aHallM3a Ha TOJIEMH 30HH, a BUJIOT Ha
MOHHTOPUTE ce OUpa crope; NoTpeOuTe Ha aHAIH-
TAYApOT U TUIIOT Ha aHanu3a [22-24].

Bo pamkuTe Ha oBaa CTyAHja € H3BPLICHO
oIpenenyBamke Ha BKyIIHATa COIpKUHA Ha 23 ere-
MeHTH (Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Ga,
Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sr, V u Zn) Bo
MOB, BO TpaB 0] HOTKPOBHH I'PEAH U BO TOYBA, 3e-
MEHH O]l OKOJIMHATa Ha PYyJAHHKOT W (prroTamujaTta
3a Oakap ,,byunm* Oau3y Pamosumn. AHanmzara Ha
COAp)KMHATa Ha OBHE CIEMEHTU € M3BpIICHa CO
MpUMEHa Ha aTOMCKara ariCOpPIIIMOHA CHEKTpOMe-
TpHja (T1aMeHa M eJIeKTPOTePMUIKA) B aTOMCKaTa
E€MHCHOHA CIIEKTPOMETpPHja CO MHAYKTUBHO CIIPET-
HaTa Iia3Mma.

JloOuenute pe3ynratu 3a COApXKAHATA Ha
OIIpe/IelyBaHUTE €JIEMEHTH BO HCIIUTYBAaHHUTE TIPH-
Mepouu ce 00paboTeHH CO CTaTHCTHYKU CO(TBEp
3a OmBapWjaHTHa aHaIM3a, MpeKy m3paboTka Ha
MaTpuIlla Ha KOe(UIIMeHTH Ha KOopenamuja co Iei
Jla ce YTBPIU KOM O]l €JIEMEHTHUTE KOpeIupaaTr Me-
fyceOHO, 1 MyJTHBapHjaHTHA (aKTOpHA aHAIIN3A,
CO IeN Ja ce TPUKAXKAT acolWjalliuTe Ha XEeMH-
CKHUTE CIIEMEHTH.

Opn nobueHuTe pe3ynTaTy ce U3TOTBEHH Kap-
TH Ha JDUCTPUOYIHja 3a CEKOj EJIEMEHT ITOCEOHO.
Cratuctnaku oOpabOTEHUTE MOMATOI U KApPTHUTE
Ha JAUCTpUOyLHja Ha TOCTUHEYHHUTE EJeMEHTH
OBO3MOJKYBaaT Jia c€ YTBPJAT MOTECHUTE MOJ[padja
CO HHUBHA TIorosieMa coapxknHa. Co Toa MOXe Jia ce
yTBpAu 00eMOT Ha BIMjaHHWETO Ha paboraTa Ha
PYAHUKOT Bp3 3roJieMyBal€ Ha COIpKMHATA Ha
TEIIKUTE METAITH BO BO3YXOT, KAKO M MIPaBEIOT Ha
HUBHA UCTPUOYIMja BO OKOJIMHATA HA rpajoT Pa-
nosuil. OBa € ceKako 3HayajHO Mopaau AUPEKTHA-
Ta U3JI0KEHOCT HA HACEIICHHUETO Ha OBUE TOJYTaH-
TH ¥ HETaTUBHUTE e()EKTH BP3 HUBHOTO 3]IpaBje.

2. TEOI'PA®CKHU OIINC

PagoBum e rpag BO jyroMCTOYHHOT €T OX
Peny6nuka Makenonuja. OmmruHara PagoBuin ru
3adaka MOJAHOXK]ETO Ha IIaHMHATa I1TayKoBHUIA U
ceBepHuoT aen Ha Ctpymmuakara KotnunHa, ogHOC-
HO FOPHOTO CIIMBHO NOJpadje Ha pekara PamgoBum-
Ka ¥ 3adaka nospmuna o 374,5 km?. CeBepHHOT
JieN TIpurara Ha IiaHuHaTa [tagkoBuia, jy)KHAOT
nen Ha miannHata CMpIEIIHUK, Ha CeBepo3amnaj
ce Haora pUAECTHOT Jell Ha obnacTta Jypykiyk, of-
HocHO Jlamjancko Iloe, a Ha jyrOMCTOK ce TIpoTe-
ra aJyBHjaJlHaTa paMHWHA Ha pekara Pamoswuiika.
OnmtrHaTa UMa J00pH (QYHKUIMOHAIHU BPCKH CO
cocegaute rpagosu Ltun m Crpymurna, on Kou

Within this study a total content of 23 ele-
ments was determined: Ag, Al, As, B, Ba, Ca, Cd,
Co, Cr, Cu, Ga, Fe, K, Li, Mg, Mn, Mo, Na, Ni,
Pb, Sr, V, and Zn in moss, attic dust and soil taken
from the vicinity of the "Buc¢im" copper mine and
flotation near RadoviS. Analyses were performed
by the application of flame and electrothermal
atomic absorption spectrometry (FAAS and
ETAAS) and atomic emission spectrometry with
inductively coupled plasma (ICP-AES).

The obtained values for the content of the
elements in investigated samples were statistically
processed using statistical software for bivariate
analysis, which showed the correlation of the con-
tent of chemical elements in samples; multivariate
statistic method was used to reveal the associations
of the chemical elements.

Distribution maps for each element have been
prepared separately based on the results. Statisti-
cally processed data and distribution maps for in-
dividual elements make it possible to identify nar-
row areas with their higher content. With that we
can determine the scope of the impact of the work
of this mine on increasing the content of heavy
metals in air, and the direction of their distribution
in the area around the town of Radovis. This is im-
portant because of direct human exposure to these
pollutants and adverse effects on their health.

2. GEOGRAPHIC DESCRIPTION

The town of Radovi§ is located in south-
eastern part of the Republic of Macedonia. The
municipality of Radovi$ is located in the foothills
of Plac¢kovica Mountain and the northern part of
the Strumica valley (upper region of the Radovis
River), and covers an area of 374.5 km? The
northern part belongs to Plackovica Mountain,
south of Mount Smrde$nik, located in the north-
west part of the hilly area of Jurukluk (Damjansko
field), and the alluvial plain of the river Radovi§
extends southeast. The municipality has good func-
tional connections with neighboring cities, Stip and
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PagoBum e onmanewyen camo 35 omnocHo 30 km.
I'pagor PagoBumn € cMecTeH BO HEHTPATHUOT JEI
Ha OMIITHHATa, HAa HaAMOpCKa BUcounHa o 380 m
W TIpeTcTaByBa OIIITHHCKA aJMHHHCTPATHBEH
IIEHTap o Jo0pa MECTONOI0K0a 3a pa3Boj Ha CTO-
naHcTBoTo. Kako ajMHHUCTpaTWBEH IEHTap T'H
OTICTTYKyBa M >KATeNHTe Ha ommtuHara KoHde.

OcBen rpamor Pagopumr Bo ommthHara Pa-
JOBHII craraat ymre 36 HaceneHu Mecta. Criopen
MOCIIEAHUOT TonUC Ha Haceneruero (2002) rpagot
Pagosum uma 16.223 xutenu, a oniutuHara Pano-
Byl 28.244. 'ycTHaTa Ha HAaCEJNIEHOCT BO OMIITH-
HaTa e 56 >xurenu Ha km?,

I'pagor PamoBuin npBmaTr ce croMHyBa BO
1019 rox. Bo I'pamoTaTa Ha BU3AaHTHCKHOT 1ap Ba-
cwimie Bropu, a Taka ce BUKajga U CpeTHOBEKOBHA-
Ta JKyIa, ITO MOKaXyBa Jieka rpajickaTa (yHKIIMja
MOTEKHYBa OJ1 CPETHUOT BeK. Bo Toa Bpeme Pajo-
BUIIl TPETCTaByBaJ 3HAYACH DPETHOHAICH TPrOB-
CKO-3aHACTYHCKH W PyAapcKu IeHTap. Mmero Ha
TPajioT ce MOBP3yBa CO MMETO Ha CPETHOBEKOBHATA
KHETHH»a O CIIOBEHCKO MOTEKI0 Paoa.

Tepurtopujara Ha ommtuHaTa Pamosum e 6o-
rara co apXeoJIOIIKHA JIOKAJUTETH, MaHACTUPU W
LIPKBHU, KOU ce Jen o Ooratara pu3HHMIIA HA CIIO-
MEHUIIM Ha KyJITypaTa.

Pamosum e ommaneden 120 km ox Cxomje,
280 km ox Oxpun, 120 km ox Comyn, 520 km ox
Benrpan, 425 km on Tupana, 350 km og Coduja u
800 km on Bapna u Byprac.

Bo xuaporpadcku morien onmraHaTa € WH-
TEpPEeCHa CO M0jaBa Ha IMOJ3EMHHU BOIHU, M3BOPU H
MOBPITUHCKU BOJIOTENM, KaKO U CO TOMalH Be-
mrTadky akymynanuu. [lokpaj n3Bopure Ha Boja 3a
MMEekE BO OMIITHHATA UMa W MHUHEPATHU BOIH, HO
0e3 Hekoja MorojieMa CTOMAHCKa HCKOPHUCTEHOCT.
XugporpadckaTa Mpeka Ha OIIITUHATA € MoJIee-
Ha Ha JBa peuHu ciauba. [Ipeky PamoBuiiika Peka
BOAMTE TedaT BO ciauBoT Ha CTpymwuia, Aojeka
npeky pekara Kpusa JlakaBura Bo ciuBoT Ha bpe-
ragHuna. Huz rpanor Pagosuin teuar PajgoBuiika
Peka, mo3nara u kako Crapa Peka, u momamure
Cymmmna u Mapnaza.

IllymckuTe KOMIUIEKCH 3acdakaar OKOIy
21.000 xexrtapu. [loromeMu NIyMCKH KOMIUIEKCH
ce HaoraaT okony Crapa Peka n OpaoBuuka Pexa,
KaJle ce 3acTaneHu 1a0oBa, OyKoBa M YETHHAPCKA
myMa. Ox (QUTOIECHO3UTE BO IIYMHUTE HAjIOMH-
HaHTHHM C€ 3aCTHUINTE HA Ja00T rOpyH, 3aeTHHUIIA-
Ta Ha OJTOpcKa Oyka, OyKoBara IrymMa co y4eCTBO
Ha Ope3aTa Ha KHCEJH [TOYBH U 3aeIHUIIATa Ha TOp-
cka Oyka.

Op MUHEpaJHUTE METAIHU CypOBHHU BO Pa-
JIOBHUIII ¥ HETOBaTa OJFICKAa OKOJIMHA CE€ CpekaBaaT

Strumica, which are only 35 km and 30 km away
from Radovis. The town is located in the central
part of the municipality, at an average altitude of
380 m and is the municipal administrative center
with a good location for the development of econ-
omy. As the administrative center it serves the
residents of the municipality of Konce.

The town of Radovi$ is within the munici-
pallity with 36 more settlements. According to the
latest census (2002), the town Radovi§ has 16,223
residents, and the municipality of Radovi§ has a
population of 28,244, with the density of popula-
tion in the municipality of 56 per km?.

The town of Radovi§ was mentioned for the
first time in 1019 during the reign of the Byzantine
King Basil II (which was the name of the town
during the Middle Ages). At this time in history,
Radovi$ was an important center for regional trade,
craftsmanship and mining. The name of the town is
connected with the legend about the queen Rada,
(a princess of Slavic origin).

The territory of Radovi§ municipality is rich
in archaeological sites, monasteries and churches
that are part of the rich heritage of monuments of
culture.

Radovi$ town is 120 km away from Skopje,
280 km from Ohrid, 120 km from Thessaloniki,
520 km from Belgrade, 425 km from Tirana, 350
km from Sofia, and 800 km from Varna and Bur-
gas.

In view of hydrography, the municipality is
interesting because of the emergence of ground-
water sources and surface water flows, as well as
smaller artificial reservoirs. Beside the sources of
drinking water, municipality has sources of mine-
ral waters but without major economical exploita-
tion. The hydrographic network of the municipality
is divided into two river basins. Through Radovi§
River the waters flow into the basin of Strumica,
while through the river Kriva Lakavica into the
basin of Bregalnica. The rivers in Radovis are: Ra-
dovi$ River, also known as Old River, and smaller
rivers SuSica and Marlada.

The forest complexes occupy about 21,000
ha. Larger forest complexes are situated around the
Old River and Oraovi¢ka River where there are
oak, beech and coniferous forest. The communities
of oak — Gorun are most dominant species in the
forests, as well as communities of Podgorska
beech, beech forest with the participation of birch
on acidic soils and the beech forest community.
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OakapHa, jkelle3Ha U [IMHKOBA Pyla, KaKO U I10jaBH
Ha 371aT0, cpedpo, XpoMm, ypaHuyM u ap. Ox muHe-
paTHUTE HEMETAIIHU CYPOBHHHU CE€ CpeKaBaat JIeKo-
paTHBHU KaMema 3a Ipanda, KBapll, TJIMHA U Jp.

[loBaykHUTE €KOHOMCKU CEKTOpU BO OIITHU-
HaTa PajoBu ce: rpaieXHUINTBO, UHIYCTpHja 3a
TpalleKHU MaTepHjaid, IpBHA WHAYCTPHja, METall-
Ha U MalIMHCKAa WHAYCTpHja, HEMETaJIHa HHIYC-
Tpuja, IpHa U 00OE€HA METaIypruja, pyaapcTBo,
KO3METHYKO-(papManeBTCKa HWHIYCTpUja, 3eMjo-
NIeJICTBO, JIOB U pUOO0JIOB, TypU3aM, TEKCTUIIHA UH-
IyCTpHja, mpexpaHOeHa HHIYCTpHja, TyTyHCKa WH-
IyCTpHja, TProBuja, TPaHCIOPT, OAHKAPCTBO, jaBEH
CEpPBUC U YCIIYTH.

Knumara Bo ommtuHara PajgoBuin € cpeno-
36eMHO-KOHTHHEHTaIHA, cOo 112 COHYEBH IEHOBH BO
TOAIMHATA.

HcmmtyBaHOTO TIOZIpadje ce Haora BO JyromMc-
TOYHHOT Jen Ha P. MakenoHuja co MoOBpLIMHA Of
npubmmwkao 20 km (W-E) x 20 km (S—N), BkymHO
374,5 km’, Bo paMKHTe Ha CIEIHHTE reorpadCcKu
koopauHatu N: 41°32' — 41°44' u E: 22°15' —
22°30' (kaptute 1 u 2). Hagmopckara BUCOUMHA BO
HCIUTYBAHOTO TMojapadje Bapupa momery 350 u
1000 m. Ilpoceynara TOmWIIHA TeMIeparypa ¢
oxony 10 °C, HajToman Meceny BO ToauHaTa ce jy-
JIX ¥ aBTYCT, CO MpocedHa Temmneparypa o 23 °C,
a HajCTyIEH MECeIl € jaHyapH CO MPOCEYHa TeMIIe-
patypa on okomy 1,2 °C. Ilpoceynure romuIIHH
BpPHEXXH H3HECyBaaT 563 mm co ToJIeMU BapHpama
Ol TOMHA BO roauHa. Bo o1HOC Ha rOAUIIHHUOT
BKyTieH Opoj COHYEBM YacOBHW, BO OBa Iojapadje
uma okony 6,4 yaca nHeBHO. Hajuectn ce BeTpoBu-
Te OJ1 3amajieH mpaser co GpekBeHnrja ox 199 %o
v Op3uHa 2,7 m 'S ' M BETPOBHUTE OJ] HCTOYCH IIpa-
Bell co (ppekBenimja o 124 %o 1 6p3uHa 2,0 ms .

Bo ceBepo3anagHUOT [eNl HA HUCHHUTYBAHOTO
mojpayje ce Haora pyJaHHKOT U ¢uioTanujara 3a oa-
Kap ,,byuum®. PyaHuUKOT TepuTOpHMjamHO M aaAMU-
HUCTPAaTUBHO crafa BO ommTuHara Pamosumn u e
omnmanedeH 14 km ox rpagor. Bo Hemocpenna 67u-
3MHAa Ha PYAHUKOT Ce€ HaolaaT JiBe HAcEJIECHU Me-
cta, cenara byunm n Tomonnmuna. IloBpmmnara
Koja e omndareHa o]l PyIHUYKH aKTHBHOCTH H3HE-
cysa 7 km®, ox xou 4 km® ormaraar Ha oiaraiu-
LITETO HAa jaJIOBHHATA, J0JEKa MPEOCTaHATHUOT AT
ce JOKalUHUTe KaJe IITO CE IMOCTaBEHH HCKOIUTE
Ha pyjaara u IocTpojkara 3a 06paboTka Ha pyaarTa.
I'maBHM KOMITOHEHTH KOM CE€ COIp>KaHH BO pyjaaTa
ce:0,3% Cu, 0,3 gt Au, 1 gt Ag, 13 gt Mo,
1-4 % mmput. KapakTepucTuyHN METaIHU MHHE-
pajiu ce: XaJKONUPUT, IUPUT U OOPHUT, CO Malu
MPUMECH Ha TAJICHHUT, cajJepuT, MarHeTuT, XeMa-
THUT.

The metallic mineral resources found in Ra-
dovi$ and its close vicinity are copper, iron and
zinc ore, and there is also gold, silver, chromium,
uranium and others metals. The non-metallic min-
eral resources found in this are decorative build-
ings stones, quartz, clay and others.

Important economic sectors in Radovi§ are:
construction, building materials industry, wood
processing industry, metal and mechanical Indus-
try, non-metal industries, ferrous and non-ferrous
metallurgy, mining, cosmetics, pharmaceutical in-
dustry, agriculture, hunting and fishing, tourism,
textile industry, food industry, tobacco industry,
commerce, transportation, banking, public servi-
ces.

The climate in Radovi§ is continental Medi-
terranean, with 112 sunny days a year.

The study area is located in the eastern part of
the Republic of Macedonia with surface of ca 20
km (W-E) x 20 km (S—N), total 374.5 km?, limited
with coordinates N: 41°32' — 41°44' and E: 22°15'
—22°30" (Maps 1 and 2). The region is character-
ized by moderate continental climate. The altitude
varies between 350 and 1000 m. The average an-
nual temperature is around 10°C. The warmest
months of the year are July and August with aver-
age temperature of 23°C, and the coldest month is
January with 1.2°C. The average annual rainfall is
amounted to 563 mm with large variations from
year to year. In terms of total annual number of
sunny hours, this location has approximately 6.4
hours per day. Most frequent winds in the region
are those from the west with frequency of 199 %o
and 2.7 ms™ speed, and winds from the east with
frequency of 124 %o and 2.0 ms™' speed.

The copper mine Bucim is located in the
north-west part of the studying area. The Bucim
mine territorially and administratively belongs to
the municipality of Radovi$ at a distance of 14 km
from the town. In the close vicinity of the mine
there are two settlements, villages Bu¢im and To-
polnica. Mine activities cover 7 km” of total mine
surfaces, 4 km’® for the placement of ore tailings
and the rest of the land belongs to the open ore pit
and to the plant for ore processing. The main ore
contents are: 0.3 % Cu, 0.3 gt ' Au, 1 gt' Ag, 13
gt Mo, and 1-4 % pyrite; the igneous rocks have
been altered to clays and micas. The important me-
tallic minerals are chalcopyrite, pyrite, and bornite,
with small amounts of galena, sphalerite, magnetite
and hematite.
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Kapra 1. Jlokanuja Ha HICIUTYBaHOTO HOJpayje
Map 1. Location of the study area
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Kapra 2. Kapra ciopea ynoTpe6ata Ha 3eMjUIITETO BO PaJoBHII 1 HETOBaTa OKOJIHHA
Map 2. Landuse map of the Radovis area

Bo wcnuTyBaHOTO MO/padje jyrosamnagHo O
PYIOHHUKOT ,,Bydunm* Ha ommanedeHocT 4 km BO3-
IyIIHA JIMHH]ja, CE HAaora MOPAHEIIHUOT PyIHHK 3a
JKeNne3Ha pyna ,,Jlamjan’, koj e HagBop o1 QyHKIIH-
ja ox 1990 r., HO pyJaHHYKATa jallOBUHA € KOHC-
TaHTHO M3JI0’KCHA Ha €PO3MBHO BJIMjaHHE O] aTMO-
cdepckuTe BpHEXHU (MPUPOIHO MPOMHUBAKE) U HA
pacnpocTpaHyBame Ha (PUHHOT IIpaB CO BETPOBU-
Te.

Pynnukor ,,byuum* u mocrpojkara 3a obOpa-
00TKa Ha pydara ce IOCTaBeHH BO (h)YHKIHja BO
1979 r. u ce mpeTnocTaByBa Jieka PyIHUKOT pac-

In this study area there is also an influence
from the former iron mine, Damjan at a 4 km dis-
tance from Bu¢im mine; the Damjan mine is out of
function from 1990, but the ore tailings are con-
tinually exposed to erosive rain impact and wind
distribution of surface fine dust.

The mine "Bucim" and the ore processing
plant are in function from 1979 and it is assumed
that the mine has about 40 million tons of ore re-
serves. Ore tailings are dropped out by the dampers
from the open ore pit, at open site near the mine
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nonara co okxoiry 40.000.000 Torn pyaHU pe3epBu.
JaJoBHIITETO 01 MOBPIIMHCKHUOT KOII CITYKH 32 Jie-
MOHUpPakEe HA PyAHUYKATA jallOBUHA KOja ce JIOHe-
cyBa co aamnepute (ci. 2/1 u 2/2). TloBpmuHaTta
Ha OJUTaTJIMINTETO HA PYIAHATA jaJIOBUHA H3HECYBa
0,80 km” 1 ce Haofa jyrosarmagHo OJ MOBPIIHHCKH-
OT KOII, BO HETOCpeJHa OJIM3MHA Ha PETHOHATHHOT
nat tun—Crpymuna. JamoBHIITETO MMa OKOIY
130.000.000 Tonu pyaHuuka janoBuHa. M3moxkeHo-
CTa Ha OBaa roJieMa Maca pyJHHYKa jaJOBHHA Ha
MIOCTOjaH! BO3YIIHH CTPyeHa U BETPOBH JIOBEIY-
Ba /10 JUCTpHOYLIHja HAa PUHUOT MpaB OJ1 jaIOBUHA-
Ta BO BO3/IyXOT.

[IpocedHOTO TOAMIIHO MPOU3BOJICTBO  OF
4.000.000 Tonu OakapHa pyna ce mpepadoTyBa BO
nmoroHoT ¢uiotanmja. Bo mporecor Ha Qumoranuja
Ha MHUHEpanuTe Ha 0akap MPOCEYHO TOIMIIHO Ce
n3aBojyBaar okony 3.950.000 Tonm duioTarmona
janoBuHa. OBaa jaJIOBHHA C€ OJIBOJHYBA U JICTIOHH-
pa Ha XHJPOjaIOBUINTE, KOE¢ ce Haora Ha 2,2 km
HCTOYHO OJI TIOTOHOT 3a (utoTanuja (cit. 2/3 u 2/4).

0O _E!ucim

e

NOBPUIMHEKM' SNy,

l-
PYAHMYKa
Janceuwa <

(Figs. 2/1 and 2/2). Ore tailings deposit occupies a
surface of 0.80 km’, located southwest of the open
ore pit, near the regional road Stip—Strumica. The
ore tailings deposit has about 130 million tons of
ore tailings. Exposure of this great mass of ore tail-
ings to constant air flow and winds leads to the
distribution of fine dust in the air.

The flotation plant annually produces of
4,000,000 tons of copper ore. In the process of flo-
tation of copper minerals the average annual
amount is about 3.95 million tons of flotation tail-
ings. These tailings are drained and disposed onto
a dump near the mine. The location of this dump is
east of the flotation plant 2.2 km to the dam (Figs.
2/2 and 2/3).

hnoT2UMOHZ
JanoBMHa

c.TONCRHALZ |

L

Ca. 1. Jloxanuja Ha pyaHuKoT Bydanm
Fig. 1. Location of the Bu¢im mine
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4

Ca. 2. TloBpumiHCKH Kot Ha pyaHUKOT byuum (1), moctpojka 3a 06paboTka Ha pyaata (2), pyIHUYKa janoBuHa (3 u 4)
Fig. 2. Bu¢im open ore pit (1), ore prossiding plant (2), ore tailings dump (3 and 4)

3. 'EOJIOLIKHA OITUC

UctpaxxyBaHaTa o0JacT MpeTCTaByBa JIEN O]
Bapnapckata cTpykTypHa 30Ha, KOja € OZJBO€HA O
CTPYKTYpHU 30HH BO TEKOT Ha KaJeJOHCKaTa Opo-
TeHe3a ¥ IMOJUIOKEHa Ha CHJIHM TEKTOHCKHU TIpolle-
CH 3a BpeMe Ha XepuuHCKaTa oporeHe3a. CTpyk-
TYPHUTE peJaliy TOTOJTHUTEIIHO OUJIe YCIOXKHETH
CO anmckaTa oporenesa [25, 26].

Bo npoyuyBanaTa o0nact Ouie uaeHTUUKY-
BaHU CJIEJJHUBE TJIaBHU I€OTEKTOHCKH CTPYKTYpHH
enuanny (kapta 3): (1) ciuB Ha Kpusa JlakaBuna,
(2) cunkmuaana Cmpaem-Iabpen, (3) pagoBuIKu
OaceH, (4) aHTuK/IMHAIA Ha PagoBui, mojaeacHa Ha
(4a) mruncku 6510k u (46) OyumMcku OGOk (Kapra
3). ArTuKIMHanaTa Ha PajgoBuin mpercraByBa wHc-
TOYHA I'paHMLIAa Ha BapJapcKaTa 30Ha KOH CPIICKO-
MaKelIOHCKHOT MacuB. OBHE [BE I'OJEMH CTPYK-
TypHH €JUHHLM ce ojjeneHu co miadoku, NW-SE
NpekuHyBama [25, 26].

3. GEOLOGYCAL DESCRIPTION

The investigated area represents a part of the
Vardar structural zone, separated from the other
structural zones during the Caledonian, and sub-
jected to strong tectonic processes, during the
Herzynian orogenesis. The structural relations
were further complicated by the Alpine orogenesis
[25, 26].

At the study area the following main geotec-
tonic structural units have been identified (Map 3):
(1) the Kriva Lakavica basin, (2) the Smrdes-
Gabres syncline, (3) the Radovis basin, (4) the Ra-
dovi§ anticline divided to (4a) the Stip Block and
(4b) the Bucim Block (Map. 3). The Radovis anti-
cline represents the eastern boundary of Vardar
zone towards the Serbian-Macedonian mass. These
two large structural units are separated by a deep
NW-SE fault [25, 26].
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Crnopen Rakicevic et al. [25] u Hristov et al.
[26], HajcTapuTe GopMalMu BO CEBEPHHUOT JIEN O
UCTIMTYBaHaTa 00JacT ce pa3BHEHU HAa OyYHMCKH-
ot 61ok. [IpeTcTaBeHu ce co MpeaKaMOPHUCKH THaj-
CEBM W MHKAIINCTH W O MEPMEpPHU KPHUCTAIIH.
JIONMHUOT Taje030MK CE COCTOM OJi CEKBEHLU CO-
CTaBeHH OJf aM(PHUOOJICKH IIKPWIIH, MEpMEpH,
MIKPUJIECTH KapOoHATHU Kapmu (cuHKInHAIa CMp-
nem—I"adpem). [lopeTku ce jaByBaaT cepreHTHHU-
T€ KaKO KCCHOJUTCKH TpaHUTH (IITHUICKH Biok).
Bo mHOry Manm genm on mcnuTyBaHaTa OONacT, BO
nofpavjero Ha cuHKIMHaiata Cmpaemi-l'abper,
Ha TOBPIIMHA H3JIEryBaaT Me3030jcku Kapmnu. [o-
pecrioMeHaTuTe Kapiu ce TIOKPUEHH OJi CTpaHa CO
TECEH I10jac Ha TepIljapHH ACTIO3UTH MTPETCTABCHU
Ol TOPHO EOLEHCKH CEJUMEHTH KOW HAaBJIETJIEC O
HEOTEHCKHUTE aHJIe3UTH, 1 HUBHUTE MUPOKIACTHTH.
[InwonieHcKaTa JMMHONOIIKA TIECOYHA CepHhja e
pa3BHEHa BO LIMPOKOTO IMOApadje Ha 0AceHOT Ha
Kpusa JlakaBuia u pagoBHmkuoT 6aceH. [Ipen ce,
BO PAJOBHUINKHOT 0aceH ce pa3BHEHH XOJOIEHCKU
HACJIOjKH (PEYHHUTE Tepacu W allyBHjallHU Celu-
MEHTH).

Ox BkymHO 394 km’® MOBpIIHHA HA HCIHTYBA-
Ha o6nacr, 76,4 km® (19,4 %) oTmara Ha XOIOLEH-
CKHM pEYHH Tepacu W amyBHjanHu aermosutd, 100,3
km® (25,5 %) Ha IUICHCTOLEHCKH JIMMHOJOIIKH,
YyakKajl ¥ IIECOYHU AEeHo3uTH, 24,4 km? (6,2 %) Ha
€OTICHCKHY aHJIC3UTH M MUPOKIIACTUTH, 9,0 km? 2,3
%) Ha eolleHCcKa cepHja Ha ¢uum, 6,5 km® (1,6 %)
Ha KPeIHHU TIECOYHUIIH, JIATIOPEll, IIKPUIIN U Ba-
posruk, 29,6 km® (7,5 %) Ha jypa rpanuru, 1,4
km® (0,4 %) Ha naneosojcku ceprentunn, 20,6
km® (5,2 %) Ha TpeaKyMOPHCKH H IAIe030jCKH
mkpuny, 50,6 km® (12,8 %) Ha mpeKyMOpHCKH
mukammcer, 73,1 km® (18,6 %), npexkyMOpHCKH
raajcesy, 2,1 km® (0,5 %) Ha KOHTAKTHH MeTa-
MOp(HH Kapru.

ManaTta MeTanoreHa o0iacT BO MOAPavjeTo
Byunwm-Jlamjau-Bopos [lon (c. 150 km®) ce kapak-
TEpU3UpPA CO ACMO3UTH U MUHEPATIM3ALIUHU Ha JKele-
30, Oakap, 3;1aTo U OCHOBHH MeTaym. O0nacta by-
ynM-Jlamjan -bopoB Jlon e moneneHa Bo 1Ba Te-
KTOHCKH OJIOKOBU. TEKTOHCKHOT OlOK byunmMm u
JYXHO TeKTOHCKH 0ok Jlamjan ce menm ox Bapmap-
cKkaTa 30Ha. bloKoBHUTE ce MoAeneHn co NPEeKuH Of
npB pex Bo SE Hacoka. U mokpaj moaenbara BO
JiBa pa3IM4YHU TEKTOHCKU OJIOKOBH, METajloreHaTa
obsiacT € o0enuHEeTa Bp3 OCHOBA Ha CIMYHOCTUTE
Ha TEPUUEPHUOT MarMaTu3aM 1 aHaJIOTHUTE PyIHH
MHHEpanm3aui. Bo ceBepHHOT OJIOK ce T0jaByBa
ByunMmckuoT neno3ut Ha Oakap CO JONOJHUTENIHA
MUHepanu3anuja Ha 3marto [27].

According to Rakiéevic¢ et al. [25] and Hristov
et al. [26], the oldest formations on the northern
part of the investigated area are developed on the
Buéim block represented by the Precambrian gne-
isses and micashists, white marble lenses. Lower
Paleozoic consists of sequences composed of am-
phibolite schists, marbles, schistose carbonate
rocks (the Smrdes-Gabres syncline). Except for the
minor intrusions the serpentines also occur as the
xenoliths in granites (the Stip Block). In the area of
Smrdes-Gabres syncline Mesozoic rocks outcrop
in a very small part of the study area. The afore-
mentioned rocks are covered by the narrow belt of
Tertiary deposits represented by the Upper Eocene
sediments which have been intruded by Neogene
andesites, and their pyroclastites. The Pliocene
lacustrine sandy series is developed in a wide area
of Kriva Lakavica basin and Radovi$ basin. Firstly
Holocene deposits (river terraces and alluvial
sediments) were developed on the Radovis basin.

Of the total 394 km® of the study area, the
Holocene river terraces and alluvial deposit are
found on 76.4 km® (19.4 %), Pleistocene lacus-
trine, gravel and sand deposits on 100.3 km® (25.5
%), Eocene andesites and their piroclastites on
24.4 km® (6.2 %), Eocene flysch series on 9.0 km®
(2.3 %), Cretaceous sandstone, marl, shale and
limestone on 6.5 km® (1.6 %), Jurassic granites
29.6 km*> (7.5 %), Paleozoic serpentinite on 1,4
km® (0.4 %), Precambrian and Paleozoic shists on
20.6 km® (5,2 %), Precambrian micaschists on 50.6
km® (12.8 %), Precambrian gneisses on 70.1 km’
(18.6 %) and Contact-metamorphic rocks (Scarns)
on 2.1 km® (0,5 %).

The small metallogenic area of Bu¢im-Dam-
jan-Borov Dol (ca 150 km®) in is characterized by
deposits and mineralizations of iron, copper, gold
and base metals. The Buc¢im-Damjan-Borov Dol
area is divided into two tectonic blocks. The
Bucim tectonic block and the southern tectonic
block Damjan are a part of the Vardar zone. The
blocks are divided by a fault of first order with SE
direction. Despite the disposition in two different
tectonic blocks, the metallogenic area is unified
based on the similarities of Tertiary magmatism
and the analogous ore mineralizations. In the
northern block the Bu¢im copper-porphyry deposit
with additional gold mineralization [27].

Bu¢im Cu and Au mine is the unique mine in
the R. Macedonia belonging to Serbo-Macedonian
metallogenic province, discovered 1955, explored
in the period 1962—1979, and its production started
in 1979. The Cu mineralization of a porphyric type
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Pymaukor 3a Cu u Au, ,,byanm™ e equHCTBEH
pyaHuk Bo P. MakenoHuja mTo mpumara Ha cpii-
CKO-MaKeI0OHCKaTa MeTajoreHa oOJIACT, OTKpUEH
Bo 1955 rommnHa, WCTpakyBaH BO IEPHUOMIOT O]
1962 no 1979, a co MPOU3BOICTBOTO CE 3aIMOYHYBA
BO 1979 roguna. Munepanu3anuja Ha 0akap € of
nmopdupeH THII a HacTaHyBa Ha KOHTAaKTOT Ha
[IpeaxymMOprcKu THAjCEBH CO TEPITUEPHU aHAC3HU-
TH. AHIE3uTHTE, TTIaBHO ce 0e3 MUHepalu3alyja,
HO cemak, OakapHa MHHepanu3anuja (0 MHOLCH-
CKa CTapoCT) MOBp3aHa co PpakTypu U ce 3abele-
’KyBa M BO aHje3uTuTe. Mopdonoruja Ha pyJaHHTE
JeTIO3UTH € BO oOnuk Ha stockwerk Ha xumm
MMOCTaBEHN HOPMAJHO Ha CIIOEBUTOCTA. J[emo3uToT
¢ ox mopdupeH TUIT Ha O6akap-371aTO CO CIICTHUBE
MUHEPATHN: XaIKOIUPUT, TPUPOTHO 3JIaTO, OOPHHUT,
KOBEIIUT, XaJKOITUT, mpupoaeH 6akap (Cu, Au, Ag
u Mo) (http://eswww.rhul.ac.uk/geode/ABCD/
Bucim.html).

Pynuukor byyuMm e riiaBeH mpou3BOJIUTEN Ha
Oakap Bo MakenoHuja, (YHKIIMOHUPAJKH KaKo
PYIHHK W TIOCTpOjKa 3a 00paboTKa Ha pymara BO
ommsuHa Ha Pamosumi. Bo 1999 rogmnra 6ea obpa-
0oTeHn 4 MHIMOHM TOHM pyJa 3a Ja ce poOujar
21000 t 6axkap u 700 kg 37maTo BO KOHIICHTpATH.
Pynaute pe3epsu n3HecyBaaT BKyImHO 80 MIJTHOHH
t xou compxkar 0,3% Cu, 0,35 g/t Au. Pynara ce
CKONyBa OJl 4YETUPH ONJCIHU PYAHA Tela
(http://www. cambmin.co.uk/?i=intro&s=balkans).

"Byuum" e eieH 011 HajBaXHUTE UHIAYCTPUCKU
00jexT Bo PajoBumr u IBMKEYKA CHJIA HA MHIYC-
TpHjaTa W eKoHoMmHjaTa BO PamoBumi. PymHukoT
(IMPEKTHO M MHIUPEKTHO) 3HAYUTEITHO MPHUIOHE-
CyBa 3a pa3BHBamE Ha APYTd MHIYCTPUCKH aKTHUB-
HOCTH, KaKO Ha MpUMep, TpajeKHaTa UHIYCTPH)a,
OU3HHUC, TypU3MOT, TpaHcmoptoT U npyru (http://
en.wikipedia.org/wiki/Radovi%C5%A1).

W3aBoeHUTE PyAHU OTHATHA MaTSPHjaik CO3-
JlaBaaT OIACHHU EKOJIOUIKH YCIOBHU 33 HACEIICHHETO
M EKOCHUCTEMHUTE Ha JIOKamHO HUBO. [IpensumeHu
OITACHOCTHU C€: TOKCUYHO KUCeNuTe epiyeHTu, He-
KOHCOJIUJIMPAHU OTHaIHN CTCHH, EMHCH]ja Ha TIpa-
muHa B HeOe30eaHa padora, cirabo oapKyBaHaTa
HecTaOWIIHA JITIOHWja cO OTHajaHa jasoBuHa. [lo-
TEHIIMjATTHO, IO MPEKYTPAHUYHO 3araayBambe MOKE
Jla HaHece INTeTa W MOCIeAWId u BOo byrapwja u
I'pumja mpexy HuBnuancka peka, IpUTOKa Ha pe-
kara Ctpyma, Ctpymuna (http:/www. envsec.org
/see/pub/REPORT%20Draft%20Issue%2001-11-
04.pdf).

is occurring in the contact of Precambrian gneisses
with Tertiary andesites. Andesites are barren in
general however, Cu mineralization (Miocene
ages) associated with fractures and joining is found
in the andesites as well. The morphology of the ore
deposits is in the shape of stockwerk of stingers or
veinlets discordant on the strata. Thr type of the
deposit is Porphyry copper-gold with following
minerals Chalcopyrite, Native Gold, Bornite,
Covellite, Chalcocite, Native Copper (Cu, Au, Ag,
and Mo) (http://eswww.rhul.ac.uk/geode/ABCD/
Bucim.html)

Bu¢im is Macedonia’s principal producer of
copper, operating as a mine and ore processing
installation near Radovi$. In 1999 milled 4 Mt of
ore were processed to yield 21,000 t of copper and
700 kg of gold in concentrates. Ore reserves
amount to a total of 80 Mt grading 0.3% Cu, 0.35
g/t Au in four discrete orebodies (http:/www.
cambmin.co.uk/?i=intro&s=balkans).

Buc¢im is one of the most important industrial
objects in Radovi§ and a driving force of the Ra-
dovi$ industry and economy. The mine (directly
and indirectly) contributed significantly to the ini-
tiation of other industrial activities such as con-
struction industry, business, tourism, transport and
others (http://en.wikipedia.org/wiki/Radovis%C5%
Al).

Disposed mining waste rock materials create
environmentally hazardous conditions for residents
and ecosystems at a local level. Estimated hazard-
ous are toxic/acidic effluents, uncontained waste
rock, dust emissions and unsecured workings,
poorly contained and/unstable, tailings wastes.
Transboundary pollution is a potential hazard that-
can cause harm and consequences across the bor-
der with Bulgaria and Greece via Nivicanska
River, a tributary of the Struma River (http://www.
envsec.org/see/pub/REPORT%20Draft%20Issue%
2001-11-04.pdf)
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Kapra 3. I'eosomrka xapra Ha PagoBum i HeroBaTa OKOJIHHA
Map 3. Geologic map of the Radovis area
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4. MATEPUJAJI U METO/HN
4.1. 3emame npuMepouu

Bo pamkuTe Ha OBaa CTyaMja Ce€ HM3BPIICHH
WCIUTYBamka HA 3araJlyBambeTO HA BO3IYyXOT MPEKY
MPUMEHA HA MOHUTOPUHT CO KOPUCTECHE MOB, TIPaB
Ol TOTKPOBHHM rpeaud U moua. CoOMpameTo Ha
MPUMEPOLIMTE HAa MOB, Ha MPaB O IOTKPOBHH I'pe-
Iy 1 Ha noyBa e u3BpuieHo Bo 2009 u 2010 roau-
Ha.

TouyHO ofpeneHN BUIOBH MOB CE€ CEIICKTHpPa-
HU KaKO OMOMHIMKATOPH COTJIACHO CO CTaHAAPAH-
T€ YCBOEHHU BO €BPOIICKH HCTPa)KyBama Ha TEIIKU
metanu [17, 18]. [Ipumeponn Ha MOB OJf BUIOBUTE
Hyloconium splendens (Hedw.) wu Pleurozium
schrebery (Brid.) ce coOMpaHu Ha IPETXOIHO OII-
penencuu nokanuu. OBre BUIOBU HA MOB CE Kapa-
KTepucTuyHH 3a (propata Ha P. Makenonuja u Mo-
KaT Jla ce KOpHucTaT Kako OmomHAMKaTtopu. Bo 3a-
BHCHOCT OJ] YCJIOBHUTE KOW BIIaJieaT U MPHUCTAITHO-
CTa Ha JoKanuuTe Oerre coOupaH OHOj BUJ MOB KOj
€ JIOCTareH M KapaKTePUCTUYEH 32 PETHOHOT.

CobupameTo Ha MPUMEPOIUTE O MOB € H3-
BEIyBAaHO CIIOpPE]] MPOMHUIIAHUTE CTAHIAPIHH IIpa-
BUJIA 32 COOMpAame Ha BAKOB BUJ puMeporn [28].
Ha cexoja mokanmja openeHa 3a 3eMambe Ha MpH-
MEpOK O]l MOB ce coOMpaar OJAETHH MPHUMEPOLH
O]l TIeT TIOJUTOKAIlMU Ha TOBPIIMHA CO PAaTUYyC OJ
50 m. Jlokanujata 3a 3eMame IMPUMEPOK OJ MOB
Mopa aa omae oxnanedeHa HajManky 300 m ox pe-
ruoHaJIHU naruiTa, 100 m of JOKaJIHU MaTHINTA U
200 m on HaceleHU MecTa. 3eMameTO Ha NpHMe-
pouute 01 MOB Oellie BPIICHO CO MOMOII Ha TOJH-
STHJICHCKM paKaBHUIIM, 3a Jla C€ CIIPeYd JIOTIONHU-
TEJHO 3araayBame Ha MpUMepokoT. [Ipumeporiure
ce makyBaa BO XapTueHu kecu. OTKako Ke ce ucuu-
CTaT oJ 3eMja M APYTH PACTUTENHU BHIOBH, TOE-
TUHEYHUTE PACTUTEITHH Tella O/l MPUMEPOIINTE Ce
M3]IBOjyBaaT M C€ OCTaBaar Jia Cce CyllaT Ha BO3IyX
HEKOJKy AeHa. [1o cylemeTo MOBTOPHO ce cTaBaaT
BO XapTHEHW KECH CE 0 HHUBHOTO aHAIU3UPAE.
[Ipumepu o BUAOBUTE HA MOB CE€ AaJICHU Ha CI. 3.

Bo ucnutyBanoTo mozapadje 6ea 3eMeHHU MpHU-
MEpOIM Ha MOB Ol 52 JIOKAalluu TPETCTaBCHH Ha
Kaprara 4. Jlokanuure 3a 3eMame MPUMEPOLIU O]
MOB 0ea TOYHO OTIpE/IEeTICHH CO MMPUMEHA Ha CHUCTE-
MOT 3a 1100anHo no3uruonupame (GPS).

4. MATERIAL AND METHODS
4.1. Sampling

Monitoring of air pollution was carried out
within this study, using different types of monitors
such as: moss, attic dust and soil. Moss, attic dust
and soil samples were collected in 2009 and 2010.

Specific types of moss were selected as bio-
indicators according to the protocol adopted within
the European Heavy Metal Survey [17, 18]. Moss
species Hyloconium splendens (Hedw.) and Pleu-
rozium schrebery (Brid.), were collected according
to the previously defined sampling network. These
moss species are characteristic for the flora of the
Republic of Macedonia and can be used as bio-
indicators. Depending on the conditions and the
accessibility of the locations the moss species that
are available and typical for the region were col-
lected.

The moss sampling protocol was performed
according to set standard rules for collection of
such samples [28], and it was done in this order:
one sampling spot is formed by collecting five sub-
spots in the area of 50 x50 m”. Every spot of sam-
pling network must be in a distance of minimum
300 m from main roads, 100 m from local roads,
and 200 m from villages. Moss samples were col-
lected using polyethylene gloves, to prevent any
further samples contamination. The collected mate-
rial was stored in paper bags.. After it was cleaned
from other plant species and soil individual plant
samples are separated and air dried for several
days. Dry samples were again placed in paper bags
until analyses were performed. Moss species are
given in Fig. 3.

Moss samples that were collected at 52 stud-
ied localities are given in Map 4. Locations of
moss samples were previously defined by means of
a GPS device.
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Ca. 3. Bunosu moB — Fig. 3. Moss species
1. Hyloconium splendens; 2. Pleurozium schrebery
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Kapra 4. Jlokanuu Ha 3eMarbe IPUMEPOIIM Ha MOB U TeHepaIu3upaHa reoJiorija Ha UCITUTYBAHOTO Mojpadje
Map 4. Moss samples locations and generalized geology of study area
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[Ipumeponn Ha mpaB OX TMOTKPOBHU Tpedu
Oea coOupaHu 0l KyKUTe BO HAacEJICHUTE MeCTa BO
WCTIHUTYBAaHOTO Tofpayje. Bo cexoe HaceneHO Me-
CTO ce cobupaa 10 2—3 ImPHUMEPOLU O MOCTapu
Kykn (roguHa Ha m3rpamba maxcumyMm 1980), co
LeJT Jja c€ YTBPIH JOJTOTPajHOTO TaJOXKEHE Ha Te-
IITKA METAJIM BO UCIIUTYBaHOTO mojapadje. Cobupa-
ETO Ha IPUMEPOITUTE Ha TIPaB OJ1 TOTKPOBHU Tpe-
I ce M3BedyBalle CIOped CTaHAapleH MPOTOKOJN
[29, 30]. On moBpmIMHAaTa Ha TPEJUTE HAJIPBO Ce
OTCTpaHyBa TPYyOHMOT TpaB, MOTOAa BO HAjIIOHCKH
Kecu ce cobupa HajpUHUOT MpaB CO MOMOII Ha
IiacTH4YHa 4eTka. Bo cexoe HaceneHo mecTo Oea
coOMpaHu MPUMEPONH TPaB OJ MOTKPOBHU TPEIU
BO 2—3 KyKH, CO IIeJI 1a CE€ OJIpeIH MPOCETIHATA CO-
JpXXKUHA Ha TENIKUTE METalld BO HHB. BkymHO Oca
cobpanu 64 nmpumeponn of 29 mokaiuu (HaceIeHH
MecTa) MPEeTCTaBeH! Ha KapTara 5.

[Mpumeponn Ha ToYBa ce COOMpPaHU CIIOpE
MPETXOJHO YTBpJCHA IleMa 3a 3eMame IMOYBCHH
npodu. Ha cekoja nokanuja ce cobupanu aBa Buga
MPUMEPOIIM Ha T0YBA, M TOA: OJi MOBPIIMHCKHOT
cinoj Ha mousata (05 cm) U on JTA0OOYMHCKHOT
cioj Ha mouBata (20-30 cm). IIpumeporure Ha
moyBa ce codupaaT cropen OAPEACHU CTaHIApIH
3a 3eMame mouBeHu mpumeporm [31-34]. Ha moka-
1yjara ojjpe/ieHa 3a 3eMarmbe MPUMEPOK OJf IET TOY-
KA Ce OTCTpaHyBa MOBPIIMHCKHOT cioj (1-2 cm)
Ha 3eMjJHINTETO W 0 IIabodrHa o1 5 cm ce UCKO-
ITyBa IMOYBa KOja Ce€ CTaBa BO HajJIOHCKA keca. ExHa
npoda ce 3eMa BO CpeAMLIHATA TOYKA U YETUPH J0-
MOJTHUTEJIHU MPOOH ce 3eMaaTr OJ TOUYKHTE KOU Ce
HaoraaT BO arJiiTe Ha KBaJpaT CcO CTPaHUTE Of
okony 10 m, co mITO €JeH MPUMEPOK BCYLIHOCT
MpeTcTaByBa KOMIO3UT 0J1 5 mpuMeponu. Cure 3a-
eaHo ce cobmpaaT BO emHA HAjIOHCKa Keca. Ha
WCTHOT HAYUH ce cOOMpaaT M MPUMEPOIIH Ha TI0YBa
01 UIAOOYMHCKHOT CJI0j, CO TOA IITO C€ 3eMa IMoY-
BarTa Koja ce uckomryBa of miaboudnHa ox 20 mo 30
cm oJ1 MOBpIIMHATA Ha 3eMjuiiTeTo. Ha enHa ncra
JIOKalja ce cobupaaT IBaTa MpUMEpPOKa O]l TI04Ba-
Ta (01 MOBPIIMHCKHOT U 0[] AJa00UYUHCKHOT CII0j),
3a Jla ce YTBP/H Jali €BEHTYaTHO BUCOKA COJIPIKH-
Ha Ha OpeNEHH TEUIKH METaIU Ce JOJDKH Ha aH-
TPONIOTEHO BJIMjaHHE BO WCIHMTYBAHOTO MOApadje
WJIU TIaK BaKBaTa I0jaBa ce JAODKHM Ha TeoJiorhjaTa
Ha 3eMjHINTETO. 3a IeTa Ha oBaa cTyamja Oea co-
Opanu BKynHO 40 mpuMeponH, OAHOCHO MO JBa
MIpUMEPOKa O CEKOj JOKAIUTET, ogHOCHO 20 mpu-
MEpOIM Ha TI0YBa OJ TMOBPIIHHCKUOT cioj U 20
MPUMEPOLU Ha MOYBa O JJIAOMHCKHUOT CJIOj Ha JIO-
KallUUTE MPUKaXaHW Ha Kaprata O.

Attic dust samples were collected from hous-
es in the settlements in the study area. In every set-
tlement attic dust was collected from 2 or 3 houses
on different sites (year of building up to 1980) in
order to establish the long-term of heavy metals
accumulation in the study area. The collection of
attic dust samples was performed according to the
adopted protocol [29, 30]: the surface of the attic
beams was first cleaned of rough dust and then the
finest dust was collected with plastic brush in
polyethylene bags. In each settlement dust samples
from 2-3 houses were collected in order to deter-
mine the average content of heavy metals in sam-
ples. Sixty-four dust samples were collected from
29 locations (settlements), given on Map 5.

Soil samples were collected by a previously
adapted sampling network for taking soil samples.
Two types of soil samples were taken at each loca-
tion, such as: sample from the surface layer of soil
(0-5 cm) and deep soil layer (20-30 c¢cm) from the
same location. Soil samples were collected accord-
ing to certain standards for taking soil samples
[31-34]. At the designated location for soil sam-
pling, the surface layer (1-2 cm) of soil was re-
moved, from five spots about 5 cm in depth, then
put in plastic bags. Four additional samples were
taken from points located in the corners of the
square at a distance of about 10 m and the fifth
sample was taken from the intersection of the di-
agonals in the middle of the square. All spot sam-
ples are collected together in a plastic bag. In the
same way samples from the deeper layer of oil
were collected, at depth from 20 to 30 cm from the
surface of the soil. Top soil samples and deep soil
samples were collected at the same location in or-
der to determine whether the potential high content
of certain heavy metals are due to anthropogenic
influence in the study area, or this occurrence is
due to the geology of the land. For the purpose of
this study 40 samples were collected, i.e. two sam-
ples from each site, i.e.20 samples of soil from the
surface layer and 20 soil samples from the deep
layer on the locations given on Map 6.
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Kapra 5. Jlokanuu Ha 3eMarbe IPHIMEPOLH IIPaB 0/] OTKPOBHH TPEIH M TeHepaIN3UpaHa reoruja Ha moapadjero
Map 5. Attic dust samples locations and generalized geology of study area
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Kapra 6. Jlokauuu Ha 3eMame IpUMEpOL MoYBa
Map 6. Soil samples locations

4.2. CucreM 3a rj1006aJHO MO3UIMOHUPAHHE

3a cekoja JIoKaiuja o] Koja ce COOUpaHu MpH-
MEpOIH Ha MOB, TIPaB Ol MOTKPOBHU TPEIH H MOY-
Ba C€ CBHJCHTHPAHU KapaKTEPUCTUKUTE HA JOKa-
ruure (reorpad)cku KOOPAWHATH U BUCHHA) CO TIO-
MOIII Ha CUCTEM 32 INI00ATHO MO3HIHOHNpamke. Ba-
KBOTO IO3UIIMOHHUPABE, OJHOCHO OJpEIyBame Ha
NOoJI0K0aTa Ha JOKAMUTE 32 3eMambe MPUMEPOIH
3a pabOTa € HEOIXO/HO ITOPa i U3TOTBYBABETO HA
Mary Ha JIeTIO3UIMja Ha METAINTE BO HCIIUTYBAHO-
TO MoJipayje.

Cucremor 3a TJI00AQTHO MO3UIMOHUPAHE
(GPS) e carenuTcku BOIEH CHCTEM KOHTPOJIHMPaH
on Cekperapujatot 3a ogopana vHa CA/Jl. [Ipunnu-
HOT Ha paboTa HAa CHCTEMOT 3a ITI00ATHO MO3UIHO-
HHUpame ¢ 0a3upaH Ha CaTEIUTCKa HABHUTAIMja U Ce
KOHTpPOJMpPA CO OAPENYyBame Ha PacTOjaHUETO OJ
caresuToT. HeonmxoqHu KOMIIOHEHTH 3a (YHKIHO-
HUpAHE HA OBOj CHCTEM Ce:

e O/peayBame Ha BPEMETO (KOPUCTEjKH 4acOB-

HUK aKoO € IMOTPeOHO);

4.2. Global positioning system

For each location where the moss, attic dust
and soil samples were collected, locations charac-
teristics (geographic coordinates and altitude) were
recorded using a global positioning system. Such
positioning, i.e. determining of the position of
sample locations is necessary in order to construct
the deposition maps for each metal in the study
area.

Global Positioning Systems (GPS) is a satelli-
te run system controlled by the Department of De-
fense, USA. The principle of operation of the
Global Positioning System is based on satellite
navigation and is controlled by determining the
distance from the satellite. Components necessary
for the functioning of this system are:

e down time (using the clock if necessary),

e check whether there is a satellite within
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e TIPOBEpyBamkC JadM UMa CATEIUT Ha JIOMET
(ipm mITO CE OMIpeayBa HETOBATA MO3HIIH]);

® BpIICHE KOPEKIUU Ha TPEIIKU O]l joHOChep-
CKUTE M TPONoc(epcKUTE BIUjaHUja U Tpa3-
HeHa.

GPS ce xopucTu 3a KapTUpame U 3a 101aTO-
u Ha GIS. Co moMoIT Ha 0BOj CHCTEM MOXKeE Ja Ce
cobmupaaT ¥ MEMOpPHpaaT MOIATOIN KOH KE CE KO-
puctaT Kako reorpadcka 6aza Ha mogarouu. GPS
BpIIIM MPECMETKU HA IOJATOIUTE KOU TM CHUMMUI
Ha CeKou 5 s win 5 m.

MoxHO e ia ce mpaBat AudepeHIjaTHu 1mo-
MpaBKW Ha MpecMeTaHuTte moaaronu. [lonpaBkute
ce OIHecyBaaT Ha TojieMHuHaTa (pasmep), macara,
OpOojOT Ha MO3WIIMK Ha KOW C¢ CHHMa U OpOjoT Ha
KaHaJM KOM Ce KOpHCTAT 3a Oapame Ha CaTCeIUTH-
te. IloToa ce moOwWBa CWUTHANM OX CaTEIUTHUTE Ha
GPS, ce oapenysa mosuigjara, ce 100MBaaT 1moja-
TOIM 32 KOOPJMHATHUTE HA MO3UIMHUTE OJ] KOU Ce
nobuenn mojarory Ha ekpaHoT. GPS wucro Taka
JlaBa TIOJaTOIM 3a Op3MHATA, IPABELOT M HacOKaTa
0 KOja ce pa3MeCTeHH TOUYKHTE.

[Ipubupamero Ha MOAATOIMTE CE MPAaBH CO
koMmijyrepcku codreep. OBoj codTBep cobupa Io-
JIATOIH 32 TI03MIIMjaTa, MPECMETKUTE, KOOPINHATH-
T€, OKOJIMHATA M MPEKYy HEro Ce OJpeayBa KOJKY
nonaronu ox GPS Tpeba na ce qodujar.

Codtepot Ha GPS 3a kapTupame OBO3MOXKY-
Ba I10 BPaKameTOo 0] TEPCH MpH(aKkame Ha M0AaTo-
oUTe BO KOMIjyTep. BakBHOT codTBep KopHCTH
(YHKLINH, TEXHUKH CO KOW Ce MpaBaT JuQepeHIu-
jalTHU KOPEKITHH, TPECMETKH, BHECYBama U Opu-
mema Ha mogarori. Ceto oBa COPTBEPOT OBO3MO-
XKyBa na ce mpenece Ha tuotep. CodTBepoT Ha
GPS oBo3MoxyBa mpeHoc Ha 00paboOTEHUTE Moja-
TOIM Ha JO0pabOTKa BO JPYTH cOPTBEPH, HA MPH-
Mep oHoj Ha GIS (I'eorpadcko nHpOPMATHYKH CH-
CTeM), KaJe IITO ce MpaBH KOMOWHaIMja CO WH-
dhopmanmuTe nMOOWEHW OI APYTH HU3BOPH KOHM CE
KOPHUCTAT 32 KapTHpame U aHAIN3H.

JubepeHiyjaiHuTe MONPaBKK CIyXkKaT 3a 3ro-
JIEMYBa¢ Ha TOYHOCTA (IIPELM3HOCTA) Ha MO/IaTO-
nute nobuenu og GPS. Tue KopucTar Mo3HATH IO~
JATOIIM 32 JIOKaNujaTa, 0a3HUTE CTAHHUITH, 3a TTO3HU-
nuute Ha GPS (Ha HEMO3HATH JTOKAITHH ).

[MonpaBkuTe TH JETEPMUHHPAAT TPEHIKUTE
KO C€ COCTaBeH JeJ Ha COOpaHWUTE IOJATOIIM.
I'pemikure ce oTcTpaHyBaaT oOJ] MOMATOIUTE 3a
BpEMETO (CaTEeIMTCKOTO BpeMe), TTO3UIHMjaTa Ha ca-
TEJUTUTE, JOHOCHEPCKUTE U aTMOCHEPCKUTE BJIM-
jaHdja (mpa3Hema W JAPYyro). BakBuOT cUCTEM
00paboTyBa MoJAaTONX KOU MOXKAT Ji1a C& KOMOMHU-
paaT co TPOAMMEH3WOHAIHHM MOJIEIN Ha KOW ce

range (determining its position);

e corrections are made of the mistakes from
ionospheric and tropospheric effects and
discharges.

GPS is used for mapping and GIS enhance-
ments. With the help of this system data that will
be used as a geographical database can be collected
and stored. GPS performs calculations on data that
are recorded every 5 s or 5 m.

It is possible to correct the calculated differ-
rential data. The corrections include: size (scale),
weight, number of positions that are recorded and
number of channels used for search of the satel-
lites. Then the signal from GPS satellites is re-
ceived, the position is determined, data are obtain-
ned for the coordinates of the positions from which
we received data on the screen. GPS also provides
data about speed, direction and the direction ac-
cording to which the points are arranged.

Collecting data is done with computer soft-
ware. This software collects data on the positions,
calculations, coordinates, surroundings, and it de-
termines how much GPS data should be obtainned.
The software for GPS mapping system allows ac-
ceptance of data on the computer after returning
from the field. This software uses functions and
techniques that make differential corrections, cal-
culations, entering and deleting data. This software
allows you to transfer all this on the plotter. The
GPS software enables the transmission of proces-
sed data for processing in other softwares such as
the one for GIS (Geographic information system)
where combination with information obtained from
other sources used for mapping and analysis is
made. Differential corrections are used to increase
the accuracy (precision) of data obtained from
GPS. They use known data on the site, base sta-
tions, and GPS positions (at unknown locations).

The corrections determine the errors that are
an integral part of collected data. Mistakes that are
removed from the data are about: time (satellite
time), position of satellites, ionosphereic and at-
mospheric influences (discharge, etc.). This system
processes data that can be combined with three-
dimensional models on which measurements are
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npaBat Mepema. OBJie ce BKITyYEHH TTOAaTONH KOH
CE KOPHUCTAT 3a KapTUPamke Ha JOKAIMUTE, BUCUHA
U CTPMHHMHA Ha TEPEHOT, OJpEIyBame Ha Kpaj-
OpEeXHU 30HH, BETETAIUCKH 30HU, KIIUMATCKH 30-
HY, TMMEH3UM Ha e3epa U JIPyTo.

3a oBHE UCTIUTYBama Oellle KOPUCTSH CUCTEM
3a TI100aTHO To3UITMOoHNpamke Mozen Geo Explorer
3, co men ma ce 06e36emat nHGoOpMaIUU 3a MECTO-
moyiok0ara Ha 3eMameTo Ha mpumeponute. Bo
CJIy4ajoB CHCTEMOT 32 TJI00aHO MO3UIIHOHUPAHE
ce KOpHUCTelle 3a OJpe/yBame Ha reorpadCckuTe
KOOPJVHATH W HaJIMOPCKAaTa BUCHHA Ha JIOKAITMHUTE
0]l KO C€ 3€MaHU MPUMEPOIINTE 3a aHAITN3A.

4.3. [loaroroBka Ha NIpUMepPOIUTE

[MonroroBkata Ha 3eMEHHTE HPUMEPOLU CE
COCTOEINE O] HUBHO MPETXOJHO UYHUCTCHE, CYIIe-
€, CUTHEILE U Pa3NioKyBame. Pa3noxyBamero Ha
MPUMEPOIIUTE OJ1 MOB € M3BPIICHO CO MPUMEHA Ha
MUKPOOPaHOB CHUCTEM 3a Pa3lioKyBame Ha MpHMe-
pouu. Touno m3mepena maca (0,5 g) ox cekoj mpu-
MEpOK € CTaBeHa BO TE(IOHCKH CaJOBU W KOH Hea
ce momaBanu 2 ml koHieHTpupana HNO; u 5 ml
H,0, (30 %, m/V). [loToa TehIOHCKUTE Caa0BHU Ce
CTaBaHU BO MUKPOOpaHOBaA TEUKa, MPH IITO € MPH-
MeHeTa TOCTaIKaTa Ha MUKpOOPaHOBO Pa3lioxKyBa-
e MpUKaxaHa Bo Tabenata 1. PactBopute nodue-
HU CO TEPMHUKO Pa3OXKyBamke HA MOB W JIMIIA]
KBaHTHTATHBHO CE MPEHECCHU BO MEPHH THKBUYKH
on 25 ml. MepHuTe KOJIOM CE TOIOJIHETH CO pelie-
CTWJIMpaHa BoJa 10 o3HakaTa [35].

made. This includes data used for mapping the lo-
cations, height, and steep slope of the terrain, de-
termination of the coastal zones, vegetation zones,
climate zones, size of lakes etc.

For the purposes of these trials the system for
global position was used model Geo Explorer 3, in
order to provide information about the location of
sampling. In this case, the global positioning sys-
tem was used in order to determine the geographi-
cal coordinates and altitude of locations where
samples were taken for analysis.

4.3. Sample preparation

Sample preparation was performed by previ-
ous cleaning, drying, chopping and digestion. For
digestion of moss samples microwave digestion
system was applied. Precisely measured mass (0.5
g) of each moss sample was measured in teflon
digestion vessels to which 5 ml concentrated nitric
acid, HNOs, and 2 ml hydrogen peroxide, H,O,
(30%, m/V) were added. The vessels were closed,
tightened and placed in the rotor of a microwave
digestion system. The digestion was carried out
with the working condition given in Table 1. Fi-
nally the vessels were cooled, carefully opened,
and digests quantitatively transferred to 25 ml cali-
brated flasks [35].

Tao6ena 1.Ilpoepama 3a paboitia co mukpobpanosa iteuxa 3a paciigoparse Ha Upumepoyu 00 Mo8
(Milestone, Ethos Touch Control)
Table 1. Working program of microwave oven for moss sample digestion
(Milestone, Ethos Touch Control)

Yekop — Step  Temnepatypa — Temperature

Bpeme — Time

Moxknoct — Power IIputHcok — Presure

°C min \%% bar
1 180 5 500 20
2 180 10 500 20

[MpumepornuTe o TpaB 0] TOTKPOBHU T'PEIH
Y TPUMEPOIUTE OJ IMouYBa Oea pa3ioKyBaHU CO
MPUMEHA Ha CMECH OJ1 KUCEIHMHU. Pa3noxyBameTo
Oelie BPIIICHO T10 clieTHATa TOCTAIKa: TOYHO U3Me-
pena maca (0,5 g) co rouroct ox 0,0001 g, ce cra-
Ba BO TedoHckHU canosu. [loroa ce momasaat 5 ml
koHrenTpupana HNO; u mpoOarta ce 3arpeBa Ha
pemo c€ 10 WcHapyBame Ha KadeaBW Iapeu O

For digestion of attic dust and soil samples,
open wet digestion with mixture of acids was ap-
plied. The digestion was carried out in this order:
precisely measured mass of dust samples (0.5 g)
with the accuracy of 0.0001 g was placed in teflon
vessels. After this 5 ml concentrated nitric acid,
HNO; was added, until the brown vapors came out
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azotau okcuau. C¢ moaeka ce ocimoboayBaar Kade-
aBUTE MMapeu, Ce J10/1aBaaT HOBU KOJUYMHU a30THA
KHCENIMHA KaKo HajIoroJeH OKCHIATOp 3a pasil-
OXyBarbe Ha MPHUMEPOLH O >KMBOTHATa CpPEAHHA.
ITotoa ce momaBaar 5—10 ml xoHIeHTpHpaHa (iIy-
opoBonopoana kucenuHa (HF) 3a nemocno pasmo-
KyBamk€ Ha HEOpraHCKuWTe KommoHeHTH. Ilpu pa-
6ora co HF moTpebHO € HEj3UHO MEeT0CHO HCIapy-
Bame (HCKOpHUCTYBame of mpobara). Kora pactso-
POT LIETOCHO ke M30ucTpH, ce goxaBaaT 2 ml KoH-
uentpupana HClO,. IlepximopHaTa KHCelIMHA TH
pa3ioxkyBa 3a0CTaHATUTE OpraHCcKu Marepuu. Ted-
JIOHCKHTE CaJIOBH CE OCTaBaar yiTe 15 MUHYTH Ha
perio, motoa ce aomasaar 2 ml HCl u 5 ml H,O 3a
LIEJTOCHO pacTBopame. [1o memocHoTo pasioxyBa-
€ pacTBOPOT 0[] Te(IOHCKUTE CaZOBHU ce QUITPH-
pa Bo MepHH KoJioM ox 50 ml, Kkou ce JoIoJIHyBaat
CO JIeCTHIIMpaHa Boja 10 o3Hakara [36].

Baka pa3znokeHnTe mpuMepony oJ MOB, MIPaB
O]l TOTKPOBHU TPE/IM U MOYBa Oea aHATM3UPAHH CO
MPUMEHA HA aTOMCKHU allCOPIIIMOHU W €MHUCHOHU
CHEKTPOMETPUCKH METOH.

4.4. UncTpyMeHTaUja

AHanu3aTa Ha PAacTBOPEHUTE INPUMEPOLH €
W3BpILEHA CO MPUMEHAa Ha aTOMCKaTa arcCopIIIHO-
Ha crektpomerpuja (enekrporepmuuka — ETAAS,
u riamMeHa — FAAS) u atoMckara eMHUCHOHA CTICK-
TpOMETpHUja CO MHAYKTHBHO CIIpErHaTa Iula3Ma
(ICP-AES). 3a cexoj aHamu3upaH eleMeHT Oerie
U3BPILEHO MPETXOJHO ONTUMHpAamE Ha HHCIPY-
MEHTaJIHuTe ycioBd. Bo cure mpumepouu OGemre
aHaJM3MpaHa CONp)KMHATa Ha BKYIHO 23 eleMeH-
: Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Ga, Fe,
K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sr, V u Zn.

WHCTpyMEHTaNHUTE U ONEPAaTHBHUTE YCIIOBH
Ha paboTa 3a ceKkoja 01 OBHE TEXHHKH C€ NaJCHH
BO Tabenure 2—4.

4.5. BepoaocTojHOCT HA 100MeHUTe
pe3yJararu

KoHTponara Ha KBaJIMTETOT Ha aHAlIM3aTa 3a
TPUTE MPUMEHETH TEXHUKH € M3BPIICHA CO IIPUMe-
Ha Ha METOJIOT Ha CTaHAApJIHU JOAATOIH, ITPH IITO
ce MOOWMEHU 3aJIOBOJUTEITHH BPEIHOCTH 3a aHAJIU-
TUYKHOT MPHUHOC 33 aHAIM3MPAHUTE €JIEMEHTH (3a
FAAS ox 97,2 % no 102,5 %, 3a ETAAC o1 96,9 %
10 103,2 % n 3a ICP-AES ox 98,2 % mo 100,8 % ).

OceTIMBOCTa BO CMHCIIA Ha J0JIHA I'paHHIIA
Ha JeTEKIIMja Ha aHAJIM3UPAHUTE SIIEMEHTH € MPET-
cTaBeHa BO TabemaTa 5.

from the vessels. Nitric acid is a very suitable oxi-
dant for digestion of environmental samples. For
total digestion of inorganic components 5—-10 ml
hydrofluoric acid (HF) was added. When the digest
became a clear solution, 2 ml of HCIO, was added.
Perchloric acid was used for total digestion of or-
ganic matter. After cooling the vessels for 15 min.,
2 ml of HCI and 5 ml of H,O were added for total
dissolving of metal ions. Finally, the vessels were
cooled and digests quantitatively transferred to 50
ml calibrated flasks [36].

In this way, the digest of moss, attic dust and
soil samples were analyzed with the application of
atomic absorption and emission spectrometric
methods.

4.4. Instrumentation

The analyses of digest samples were perfor-
med with an atomic absorption spectrometry (elec-
trothermal ETAAS, and flame — FAAS) and
atomic emission spectrometry with inductively co-
upled plasma (ICP-AES). Optimization of instru-
mental condition for each element was previously
done. Total contents of 23 elements were analyzed
in collected samples; Ag, Al, As, B, Ba, Ca, Cd,
Co, Cr, Cu, Ga, Fe, K, Li, Mg, Mn, Mo, Na, Ni,
Pb, Sr, V and Zn.

The operating conditions for all applied tech-
niques are given in Tables 2—4, respectively

4.5. Reliability of chemical analyses

The QC of the three applied techniques was
performed by standard addition method, and it was
found that the recovery for the investigated ele-
ments ranges: for FAAS 97,2 % — 102,5 %, for
ETAAS 96,9 % — 103,2 %, for ICP-AES 98,2 % —
100,8 % .

The sensitivity in regard to the lower limit of
detection for the analyzed elements is given in Ta-
ble 5.

- 20—



Tao6ena 2. Unciupymenitiannu ycrosu 3a ICP-AES (Varian, 715ES)
Table 2. Instrumental condition for ICP-AES (Varian, 715ES)

P® reneparop — RF generator

40,68 MHz, Bo3aymno naneH RF renepatop
40.68 MHz free-running, air-cooled RF generator

700-1700 W co uexkopu og 50 W
700-1700 W in 50 W increments

Pabortna dpexdenunja — Operating frequency

Wznesna enepruja — Power output of RF generator

CrabuHoCT Ha m3/e3HaTa cuina — Power output stability <0.1%

Cucrem 3a BHecyBame Ha npuMepokot — Introduction area

Hebymajzep — Sample Nebulizer V-xmneboBu — V-groove
PacnipcayBauka komopa — Spray Chamber Double-pass cyclone — Double-pass cyclone
ITepucrantuana mymma — Peristaltic pump 0-50 rpm

Kongwurypammja Ha mia3mara — Plasma configuration Panmujanno — Radially viewed

CrnekTpoMerap — Spectrometer

OnTruku cuctem — Optical arrangement Ontuka ox Emenos tumn — Echelle optical design
[Mommxpomatop — Polychromator 400 mm ¢oxycHa momkuHa — 400 mm focal length
Echelle pemretka — Grating 94,74 nuann/mm — 94.74 lines/mm
[IpouncryBame Ha nonﬂxpOMa;(;pOT — Cleaning of polychoma- 05L min"!
Meranukcen CCD perextop — Megapixel CCD detector 1,12 mummonn nukcenu — 1.12 million pixels
Panr na 6panoBu nomkuan — Wavelength coverage 177 nm no 785 nm — 177 nm to 785 nm

Ycaosu Ha nporpamaTta — Program conditions

Enepruja Ha paquodpeKBeHIICKN TeHEPATOP Bbp3una Ha mymmnara

RFG Power LOkwW Pump speed 25 rpm
o ma At fow e 1S Lmin' P Sbilsaton e 0
CrniopesieH npotok Ha Ar — Auxiliary Ar flow rate 1.5 L min ™' Bpeme Ha npomuBame — Rinse time 30s
Kopekuuja Ha don — Background correction Ha;?ﬁzga B EII)\(I)i ;%;0:;?55?2;2; 3
Enement bpanoBa nomxuna  EnemeHnt BbpanoBa nomxuna Enement BpanoBa nomxuna
Element Wavelength Element Wavelength Element Wavelength
Ag 328.068 Co 238.892 Mg 279.553
Al 396.152 Cu 324.754 Na 589.592
As 188.980 Ga 417.206 Ni 231.604
B 249.772 Fe 238.204 Pb 220.353
Ba 455.403 Li 670.783 Sr 407.771
Ca 370.602 K 766.491 v 292.401
Cd 226.502 Mn 257.610 Zn 213.857
Cr 267.716 Mo 202.030
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Tab6ena 3. Uuciupymenitianuu ycnosu 3a ETAAS (Varian, SpectrAA 6407)
T able 3. Instumentation conditions for ETAAS (Varian, SpectrAA 640Z)

ITapameTtap — Parameter Co Cd As
BpanoBa nomkuna — Wavelength 242.5 nm 288.8 nm 193.7 nm
Ipouen — Spectral width slit 0.2 nm 0.5 nm 0.2 nm
Kannbpaumonen mox — Calibration mode Amncopbannuja, BucHHA Ha MK — Absorbance, peak heigh
Crpyja ra mambara — Lamp current 7.0 mA 4.0 mA 10 mA
Cyweme — Dry
Temmneparypa — Temperature 120 °C 120 °C 120 °C
Bpeme Ha nokauyBame — Ramp time 55s 55s 55s

Kapemwe — Pyrolysis

Temmepatypa — Temperature 400 °C 250 °C 1400 °C
Bpeme Ha nokagyBame — Ramp time 5s 5s 10s
Bpewme Ha 3appxxyBame — Hold time 22's 15s 35s

Atomu3zanuja — Atomizing

Temmeparypa — Temperature 2300 °C 1800 °C 2600 °C
Bpeme Ha mokagyBame — Ramp time Is ls Is
Bpewme Ha 3appxyBame — Hold time 2s 2s 2s

Yucreme — Cleaning

Temmepatypa — Temperature 2650 °C 1800 °C 2600 °C
Bpeme Ha nokauyBame — Ramp time 5s 2s 2s
Bpewme Ha 3anpxyBame — Hold time - - -

I'ac — Sheath gas Apron — Argon

Tao6ena 4. Unciupymenitianuu ycnosu 3a FAAS (Thermo Elemental, Solaar 2)
T able 4. Instrumentation conditions for FAAS (Thermo Elemental, Solaar 2)

IMapamMeTpu Ha ceKTpoMeTapoT — Spectrometer parameters

Bpeme Ha Mepeme — Measurement time 3s IIpomem — Slit 0.5 nm
Crpyja Ha mambaTa — Lamp current 75 % Bucoxka pesonynuja — High resolution
Kopeknuja Ha honot — Background correction Heyrepuym — Deuterium

IMapamerpu Ha miameHoT — Flame parameters

I'ac — Gas Bucuna Ha nnamMeHOT IIporox Ha ropuBo  Bpeme Ha 3emame Ha IPUMEPOK
Burner height Fuel flow Nebulizer uptake
Boggyx/auernneﬁ 7 mm 1.1 L min' 4s
Air/acetylene
Enement — Element Bpanosa nomknna — Wavelength Enemenr — Element bpanosa nomkuna — Wavelength
Cu 324.8 nm Ni 232.0 nm
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T a6 enabs. Jomnu epanuyu na delliekyuja 3a uctiuiliyéanuitie eremenitiu (mg kg ')
Table 5. Detection limit for analyzed elements (mg kg™

Enementn — Elements

I'pannna Ha neteknyja — Detection limit

Ag, Ba,
Al

As, B, Cd, Cr, Li, Fe, Mg, Na, Ni, Sr, Zn

Ca

Co, Cu, Mn
Ga

K, Pb

Mo

v

0.1
2
1

10

0.5

0.5

ITer (Ag, B, Ga, Mo, V) on BkynHo 23 aHanu-
3WpaHU eIEeMEHTH 0ea UCKITYYCeHHU O] TIOHATaMOIII-
HU CTaTHCTHYKY aHAJTU3U, OMIICJKU HUBHUTE COMAP-
JKHHU BO TIOBEKETO aHAJM3HWpaHU MpUMEponH Oca
MOJT JI0JTHATA TPAHMIIA HA JCTEKIMja Ha aHATUTUY-
knoT Meron. KoHTponara Ha KBAIMTETOT Ha OIpe-
IenyBame ¢ 00e30e/ieHa M CO CHMYJITaHa aHaJIn3a
Ha WCMUTYBaHUTE NMPUMEPOI U HA MPUMEPOIIUTE
oIl pehepeHTHUTE MaTePH]jalTy.

5. OBPABOTKA HA ITIOJATOLMUTE
N N3PABOTKA HA KAPTUTE

5.1. CTaTucTHYKA aHAJIN3A

CuTe MoaToIM 32 CO/IPIKUHATA HA HCITUTYBA-
HUTE CJIEMCHTH Oea CTaTUCTUYKU O0OpabOTEeHU CO
KOPHUCTEHE Ha CTaTUCTHUYKU co(TBep (Statistica 6),
MPEeKy KOPUCTEHE HA NTapaMeTPUCKa U Hermapamer-
pucka aHanm3a. OCHOBHA JICCKPUIITHBHA CTaTHC-
TUYKA aHaliu3a Oelle u3padoTeHa Ha BPEAHOCTHUTE
3a COAp)KMHATA Ha CJIEMEHTHTE BO CHUTE BUJIOBU
npumeponu. [TapanenHo 6ea HanpaBeHN TECTOBUTE
3a HOpManu3aluja ¥ OJf AOOMCHUTE PE3ylTaTd U
BHU3YEJIHATa MPOBEPKAa HA XUCTOIPAMUTE HA JHC-
TpUOyIIMja ce yTBpIyBAIlle pacrpesendaTa Ha 1o-
JATOIIUTE 332 HE3aBUCHUTE MPOMEHIIUBU (COAPIKHU-
HUTE Ha EJICMEHTUTE).

CTeneHoT Ha MOBP3aHOCT HA BPEAHOCTUTE 32
COJIp)KMHA HA XEMHUCKHUTE €JIEMEHTH BO CHTE BUJIO-
BU TIPUMEPOIM C€ MpPOIEHYBaIle CO MPUMEHa Ha
OMBapHjaHTHA CTaTHCTHKA (KOPUCTEJKH JIMHEapHA
Kopenanyja Ha Koe(HIHEHTHTE, 7). 3a I0jaceH
npersie; KoeUIMeHTHTE Ha KOopemalyja ce MpeT-
CTaBCHH BO MAaTpHIla HA KOS(UIIMEHTH HA KOpela-
nyja.

Five elements (Ag, B, Ga, Mo, V) from total
23 elements were removed from further statistical
analysis because their content in the majority of the
analyzed samples was below the lower detection
limit of the analytical method. The QC of the re-
sults was ensured by simultaneous analysis of the
examined samples and reference materials.

5. DATA PROCESSING AND
DRAWING MAPS

5.1. Statistical analysis

All data for the content of the investigated
elements were statistically processed using statis-
tical software (Statistica 6), using parametric and
nonparametric analysis. Basic descriptive statisti-
cal analysis was made of the values for the con-
tents of the elements in all types of samples. Paral-
lel tests for normalization were made and the data
distribution for independent variables (elements
contents) was determined from the results and the
visual inspection of the histograms of distribution.

The relations between the values for the con-
tent of chemical elements in all types of samples
were estimated using bivariant statistics (using the
linear correlation of coefficients, 7). The correla-
tion coefficients are presented in the matrix of cor-
relation coefficients, for a clearer overview.

The primary goal of the factor analysis is to
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[MpumapHa 1ien Ha QakTopHaTa aHaHM3a € Ja
ja objacHU BapHjaHLaTa BO CET Ha MOBEKE TUMEH-
3MOHAJIHU ITOJATOIH CO TOMOII Ha IITO € MOXHO
momajl 6poj hakTopH U aa ja pa30TKpUe CKpHUEHATa
CTpyKTypa Ha mojarounute. DakTopHaTa aHaIM3a
ce M3BeqyBa O[] rojieM 0poj MPOMEHIIMBH O CO3/1a-
Bamkbe Mall OpOj HOBH, CHHTETHYKH IPOMCHIIHBH,
HapeueHu ¢hakitiopu. PakTOpUTE COAPIKAT TOJIEM
Jeln o1 MHGOpMAIMUTE 32 OPUTHHAIHUTE TIPOMEH-
JIUBYU, a TUE MOXaT Jla UMaaT OJPEJCHO 3HAUCH-C.
dakTopHaTa aHANIHM3a CE U3BEyBa HA TIPOMCHINBU
KOM c€ CTaHAapIU3upaHy JO0 HYJITa BPEIHOCT Ha
eOVHMIIA CTaHAapaHa eBujanmja. llomaTommre
MOJKAaT Jia OMIaT MPBO CTaHAAPAM3UPAHU I1a IT0TOA
TpanchopMHpPaHU WA 00paTHO, IPBHH TpaHCHOp-
MUpaHM T1a [M0Toa craHaapau3upanu. M300poT u
PEAOCIIENIOT Ha OBHE YSKOPU MOXKE JIa UMa TOJIeMO
BIIWjaHHe Bp3 pesynratute. Kako Mepuiio Ha ciind-
HOCT TOMery TPOMEHIIMBUTE € 3¢MEH KOpelaluo-
HUOT KoeduiueHt r [37].

dakTopHATa aHAM3a MOXKE na 00paboTyBa
MOJIPE/ICHU TTOIATOIY MIIH 12 ja KOPUCTH MaTpHIla-
Ta Ha KOBapHWjaHIM WINA KOpenaloHaTa MaTpHIIa.
HajuecTo n300poT Ha moioraTa ¥ HAYMHOT Ha Op-
raHu3aiyja Ha ITOJaTOIMTe HeMaaT IT03HAa4ajHO
BIIMjaHWEe. 3a OPTOTOHAJHA POTaNHja € KOPUCTEH
METOJOT varimax. 3a MPOMEHIIVBH KO CE MEPEHH
Ha pa3InYHU CKalld, BO MYJTHBapHjaHTHAaTa aHa-
JIN3a Ce€ jaByBa IPOOJIEM TIPH TPETHPAe Ha CHUTE
pe3yiTaTH CUMYJITaHO, 3aTOa IITO MPOMEHIMBHTE
CO HajroJieMa BapHWjaHIIa K€ WMaaT W HajTOJIEMO
BJIMjaHUE Ha UCXOJIOT Ha mpornenypara. Kako Mox-
HO peIIeHne Ha IPOOJIEMOT c€ KOPUCTH TpaHcdop-
Malpja W/WIN CTaHAapAau3alfdja Ha ITOJaTOITUTE.
Boob6udaeno npu skewed (HecuMmeTpuyHHM) IH-
CTpUOYITMH TIPBO Ce TpaHC(hOpMHUpaaT pe3yaTaTUTE
CO TIOMONII Ha JIOTapuTamMcka TpaHchopMaluja,
IITO ITOMara 3a MOCTUTHYBaWkE¢ XOMOTEHOCT BO Ba-
pyjaHIaTta. BakBaTta mocramka ke ro HarJlacH BITH-
jaHWeTO Ha MPOMEHIIMBHUTE CO rojieMa BapHjaHIA.
JlokonKy oBa HE € CakaHWOT e(eKT Ha TpaHchop-
MUpaHWUTE MMOJIATOIH, Ce M3BElyBa M CTaHIapIu3a-
nuja. CrangapauzanyjaTa € eKBUBAJICHTHA Ha KO-
pHCTEHhE Ha MaTpUIla Ha KOe(UIIMEHTH Ha Kopea-
nuja mobrueHa co OuBapujanTHa aHanmm3a [38].

5.2. Manupame HA OAATOLH

3a KOHCTpyHpame Ha KapTUTE Ha JISMO3UIIH]ja
Ha (haKTOpPHHTE aCOLMjalldd U 3a CEKOj €JIEMEHT
moceOHO Oelre MPUMEHET YHUBEP3aTHUOT METOJ]
kriging. Kriging-oT ¢ onTuManeH MeTOJa Ha Tpe-
BUJIyBahe, HAMEHET 332 TeO(PH3HYKU TPOMECHIIHBH
CO KOHTHHyHpaHa naucTpuOyuuja. JloOueHuTe
BPEIHOCTH 32 TPOMCHJIMBUTE HEKOTAIl MOXaT Jia

explain a variation in a set of multiple dimensional
data using a small number of factors as possible
and to reveal the hidden data structure. Factor
analysis is performed on a number of variables to
create a few new synthetic variables, called
factors. Factors contain a lot of information about
original variables, and they may have some signi-
ficance. Factor analysis is performed on variables
that are standardized to zero values of unit standard
deviation. Data can be transformed and/or stan-
dardized. Data can be first standardized and then
transformed or vice versa, first transformed and
then standardized. The selection and sequence of
these steps can have a profound impact on the re-
sults. Similarity between variables is measured
with correlation coefficient 7 [37].

Factor analysis can process aligned data or
use covariance matrix/correlation matrix. Often the
choice of the base and the type of organization of
the data do not have any significant impact. The
Varimax method was used for orthogonal rotation.
With variables measured on different scales in
multivariate analysis a problem occurs when all
results are treated simultaneously, because the
variables with the greatest variance will have the
greatest impact on the outcome of the procedure.
As a possible solution of the problem the transfor-
mation and/or standardization of data is used. With
skewed (asymmetric) distributions results are usu-
ally first transformed using logarithmic transfor-
mation to achieve variance homogeneity. This pro-
cedure will emphasize the impact of the variables
with high variance. If this is not the intended effect
of the transformed data, standardization is per-
formed to. Standardization is equivalent to the use
of the matrix of coefficients of correlation obtained
by bivariate analysis [38].

5.2. Data mapping

To construct the maps of deposition of factor
associations for each element separately, the uni-
versal Kriging method was applied. Kriging is the
optimal method of prediction, intended for geophy-
sical variables with continuous distribution. The
obtained values of variables can sometimes be ran-
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Oumatr W CilydajHW, HO HWBHATa BapHjaHIla HE CE
OIMHUIITYBa CO TeoMeTpucka QyHknuja. OBOj METOJ
BPILIM MPOEKIHja Ha 00jeKT MPEKy KOPHUCTEH-E Ha
BPETHOCTH Ha OJpPENICHHW MapaMeTpH KOW ja OIlu-
IIyBaaT HEroBaTa IMOJIOkOa (JaTUTyaa, JIOHTHTYAA
W eJIMTICOMIHA BHUCHHA), OMHOCHO CEKOj 00jeKT Ha
3emja MoXke TIpOCTOpHO aa ce nedurampa. Cure mo-
JIaTOIM 3a TIPOMEHJIMBUTE Ce OpraHU3Mpaar Ha He-
KOJIKY MOXHU HauWHH, O] KOM HajuecTo ce KOpH-
cTH pacitiep. T'eHepaHO, PacTepoT ce COCTOH O
MaTpula Ha Kenuu (IMHUKCENH), OPTaHU3UPaHU BO
PEIOBH M KOJIOHHM, KaJIe IITO CeKoja Kellhja COAPKHU
BPETHOCTH KOW JlaBaaT WHQOPMAIMH 332 MPOMEH-
nmuBute. Kako pactepu Moxar ga ce KOpHCTaT U
TUTHTAITHA aepodoTorpaduu, cCaTeIUTCKH CHUMKH,
JMTUTATHU CIIMKH WM CKEHUPAaHU Mamu. MeToJoT
kriging Bpmm uHTEepHoNanyja Ha U3NE3HUTE MOAA-
TOLIM OJI CEeKOja pacTepcKa Kelluja MpeKy IpecMe-
TyBamb€ Ha MPOCEYHOTO ONTOBAPYBAE HA OJMCKH-
te BekTopu. Co Toa meronor kriging ja aHanmusupa
CTaTUCTUYKATa BapHjaHIa Ha BPEAHOCTUTE HA pa3-
JUIHA OJIaJICYCHOCTH (pacTojaHdja) v Ha pa3imd-
HU TTOJIOXKOM, 32 J1a ja neTepMuHupa Gopmara u ro-
JeMUHaTa Ha OJpeJeHaTa TOYKa 3a HCIHUTYBAbE,
KaKo MHOKECTBO Ha ()aKTOpH Ha OIITOBapyBambE.

IIpocTopHaTta nucTpuOyIja Ha KOHTHHYHpA-
HUTE Te0PU3NUKU TPOMEHIIUBH C€ MPOLIEHYBa Tpe-
Ky KOHTPOJHH TOYKM KaJe INTO BPEAHOCTUTE 3a
HUBHHUTE KapaKTEPUCTUYHU MMapaMeTpu ce TOo3Ha-
TH. CTENEHOT Ha ypelIyBame Ha MPOCTOPHUOT KOH-
TUHYUTET BP3 OCHOBA Ha OBHE KOHTPOJIHH BPEIHO-
CTH MOXE JIa Ce M3pa3u Kako apuozpam. MeToiot
kriging Tm KopuCcTH WHGOPMAIMHUTE O] BapruoTpa-
MOT 3a Ja IO YTBPAU ONTUMAaTHOTO MHOKECTBO Ha
onToBapyBame. PactojaHnero momery KOHTPOJIHH-
T€ TOYKH C€ MPETCTaByBa HAa XOPHU30HTAIHATA KO-
opauHata o rpaduKOT Ha BapHOrpamoT, JOAeKa
Ha BEpPTHUKAaJHATa KOOpAWHATA Ce MPETCTaBEHH Ba-
pHjaHIIUTE Ha BPEIHOCTUTE HA KOHTPOJIHUTE TOUKH
Kako GyHKITIH]ja 0 pacTojanueTo. l{prameTo Ha Ba-
pHOrpaMoT 3acTaHyBa Ha MECTO Ha TpauKOT Kazae
BapHjaHIlaTa MOMEl'y TOUYKHTE Ce MPHONMKYBa 0
MPOCEKOT Ha BapHjaHIM O] MHOKECTBO Ha TOYKH.
[MoxgpavjeTo Ha BapuorpaMoT, KaJie BapujaHIaTa 3a
MOJMHOKECTBO Ha TOYKU € KOHCTaHTHA IO LesaTta
HETOBa JIOJDKHMHA, € 03HAYCHO Kako iipaz. Pactoja-
HYjaTa Ha CKHUIIaTa HA BapHOTPaAMOT CO IPUOIIHK-
HU BapHjaHIH 32 MHOXECTBO OJI TOUYKU CE HAPEKY-
Ba TMOJpayje MK OTCer Ha TeopU3NUKN TPOMEHIIU-
BU (span). OBa moxpauje ce neduHMpa Kako CO-
CEJICTBO Ha CIIMYHU U TMOBP3aHU TOYKHU, & OTKIIOHOT
Ha ckunara Ha Bapuorpamort (drift) e ouekyBanaTta
BPEIHOCT 3a TeOPHU3NYKa IPOMEHIINBA BO OAHOC Ha
coCencTBOTO oA TOUKH [39, 40].

dom, but their variance is not described with geo-
metric function. This method performs a projection
of an object by using the values of certain parame-
ters that describe its position (latitude, longitude
and oval height), i.e. any object on Earth can be
spatially defined. All data about variables are or-
ganized in several possible ways; most commonly
used is raster. Generally, raster consists of a matrix
of cells (pixels) arranged in rows and columns
where each cell contains values that provide in-
formation about variables. Digital air-photography,
satellite imagery, digital images or scanned maps
can be used as a raster. Kriging interpolation
method performs the output of each raster cell by
calculating the average load of nearby vectors.
Kriging method analyzes the statistical variation of
the values of different disances and at various posi-
tions, to determine the shape and size of the speci-
fied point for examination as a set of load factors.

Spatial distribution of continuing geophysical
variables is assessed through control points where
the values of their characteristic parameters are
known. The degree of spatial continuity editing
based on these control values can be expressed as a
variogram. Kriging method uses information from
the variogram to determine the optimum set of
load. The distance between control points is repre-
sented on the horizontal axis of the graph of the
variogram, while at the vertical axis variance val-
ues of the control points are represented as a func-
tion of the distance. The drawing of the variogram
stops at the place on the graph where the variance
between points approaches the average of vari-
ances of a set of points. The area of the variogram,
where the variance for a subset of points is con-
stant throughout its length, is denoted as a thresh-
old. Distances on the scheme of the variogram with
approximate variances for the set of points are
called a field or range of geophysical variables
(span). This area is defined as an adjacency of si-
milar and related items, and the incline of the va-
riogram scheme (drift) is the expected value for
geophysics variable in relation to the adjacency of
points [39, 40].

Kriging method with linear variogram inter-
polation was applied for making the area distri-

— 34—



IIpu m3paboTkaTa Ha KapTUTE HA IHUCTPHOY-
yja Oerre KOPUCTEH METOAOT Kriging co auHeapHa
WHTEpIIONIalfja Ha BapuorpaM. 3a TpaHUIM Ha I10-
npadja Oea 36MEHH TIEPIICHTIUIHH BPETHOCTH Ha
TUCTpHOYyIja Ha HWHTCPIIOJIMPAHUTE BPEITHOCTH.
N30panu Oea cnemHUBE celyM Tojpadja HA Iep-
neHTwIHU BpeaHoctu: 0-10, 10-25, 25-40, 4060,
60-75, 75-90, 90-100.

6. BMOMOHUTOPHUHI'
CO IPUMEPOIIX HA MOB

Bo pamkuTe Ha crenemeTo Ha 3araayBameTo
Ha BO3IYXOT CO TEIIKH METaJl BO OKOJMHATAa Ha
pyOHUKOT M ¢noTauujara ,,.byaum* 6musy Pamo-
BuIll O0ea coOpaHW BKYITHO 52 MPUMEPOId Ha MOB
on Buposute Hyloconium splendens (Hedw.) u
Pleurozium schrebery (Brid.) ox nenoto ucnury-
BaHO mojpayje. Ha kaprara. 4 ce mpukaxaHu Jo-
KallMUTe Ha KOU CE€ 3€MEHU NMPUMEPOIUTE O] MOB,
KaKo ¥ Teojorujara Ha camoTo mojpadje. Bo oBue
MPUMEPOLH, CO MPUMEHA Ha aTOMCKaTa eMUCHOHA
CHEKTPOMETHPHja CO MHAYKTUBHO CIIpeTrHaTa Iia3-
Ma (ISP-AES) u enexTporepMudkaTa aTOMCKa arl-
copmuuja (ETAAS), Gemie u3BpiieHo onpeaenyBa-
e Ha BKynmHO 16 emementu: Al, As, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Mn, Na, Ni, Pb, Sr, u Zn.
JloOueHnte BpeNHOCTH 3a COApKHHATA Ha
eJeMeHTUTe Oea CTaTUCTHYKH O00paboTeH:u Co
MpUMEHa Ha OCHOBHA NECKPHUITHBHA CTATHCTHKA
(trabema 6). Bp3 ocHOBa Ha TecTOBUTE 3a
HOPMAJTHOCT M XHCTOTpPaMHUTE Ha pacrpejaendara
Ha HE3aBHCHHUTE NPOMEHJINBHU (COIPKHWHUTE Ha
€IIEMECHTHTE), CIMHCTBEHO 3a CIIEMECHTOT OapmyM
Oellie yTBpJIcHa HOPMAITHOCT BO pacrpeendara Ha
MOJIaTONUTE. 3a CUTE JIPYTH CIIEMEHTH Oea KOpH-
CTeHH JIOTApUTMHUTE Ha BPEIHOCTHUTE 32 HOpMAaJIU-
3alMja Ha TPOMCHIMBUTE. BakBUTEe HCKPUBEHU
pacnpenenou ce MOTBPyBaaT ¥ CO PEIATHBHO BH-
COKHTE BpPETHOCTH Ha CTaHIapJHATa JIEBUjaIlHja
KOja € MEpHJIO 3a CTEIICHOT Ha OTCTalyBame (pace-
jyBame) Ha TOJATOIUTE OKOJy CpenHaTa Bpe-
HocT. Of pyra cTpana, CHTHU()UKAHTHU Pa3IHKH
MoMery cpefiHaTa BPEJIHOCT M BPEIHOCTA HA MEIH-
jaHaTa He ce MOOWEHHM 3a MPOMEHIIMBHUTE, BaKBa
pasiuKa eIMHCTBEHO CE jaByBa Kaj BPSIHOCTHUTE 32
Cu, mTO ce MOMMKHM HAa eKCTPEMHO BHUCOKHUTE Bpel-
HOCTH TOOMEHU O] MPUMEPOLIUTE HA MOB O] HEIO-
cpenHa Onmu3vHA Ha cenara byunm u TomonHuna,
OJTHOCHO O] HETIOCpeIHa OJTM3KHA Ha PYIHHUKOT.

Cropenbenata aHaimza Oemle HampaBeHa
CIIOPEIyBajKU TH BPEIHOCTUTE HA MEIWjaHUTE HA
CHUTE €JIEMEHTH CO BPEIHOCTUTE 32 MEIHMjaHUTE Ha

bution maps. For class limits the percentile values
of distribution of the interpolated values were cho-
sen. Seven classes of the following percentile val-
ues were selected: 0-10, 10-25, 25-40, 40-60, 60—
75, 75-90, 90-100.

6. BIOMONITORING
WITH MOSS SAMPLES

Fifty two samples of moss species Hylo-
conium splendens (Hedw.) and Pleurozium schre-
bery (Brid.) were collected from the whole study
area, within the monitoring of air pollution by
heavy metals in the vicinity of the "Bu¢im" mine
and flotation near Radovis. Sampling moss loca-
tions and geology of the study area are presented in
Map. 4. Samples were analyzed for 16 elements:
Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mn, Na, Ni,
Pb, Sr and Zn, using atomic emission spectromet-
ric inductively coupled plasma (ICP-AES) and
electro-thermal atomic absorption (ETAAS). The
obtained values for the contents of the elements
were statistically processed using basic descriptive
statistics (Table 6). Based on the normality tests
and distribution histograms of the independent
variables (contents of elements), only for the ele-
ment barium normality was determined in the dis-
tribution of data. For the other elements logarithms
were used to normalize the values of the variables.
These skewed distributions are confirmed by rela-
tively high values of standard deviation which is a
measure of the degree of data deviation (disper-
sions) around the mean. On the other hand, signifi-
cant differences between mean and median value
are not obtained for the variables, this difference
only affects the values of Cu, due to extreme high
values obtained from samples of moss in the close
vicinity of villages Bu¢im and Topolnica, i.e. close
to the Bu¢im mine.

The comparative analysis was made of the
median values for all elements with the median
values for the same elements, but for the whole
territory of the R. Macedonia. Only the values for
the contents of Cu and As show a deviation, while
the values for the other elements do not differ sig-
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HCTUTE JIEMEHTH O]l IIejia Teputopuja Ha P. Maxke-
noHuja. EnuHCTBEHO BpeOHOCTUTE 3a COOpKHHATA
Ha Cu n As moKaXyBaaT OTCTallyBame, 0JeKa
BPEIHOCTHTE 32 IPYTUTE EIEMEHTH He Ce Pa3JIHKy-
Baar 3Ha4ajHO. BpegHocra Ha MeaujanaTa 3a 6akap
BO MUCIHMTYBAaHOTO MOJpayje € MOHUCKA O] MEeAuja-
Hara 3a Oakap 3a 1mena Tepuropuja Ha P. Makemo-
HHja, MTO cekako He Oerte ouekyBano [18]. Cemaxk,
napaMeTpuTe Ha JECKPUIITHBHATA CTAaTHCTUKA 3a
OBOj €JIEMEHT jacHO ja MOKaXyBaaT BapHjaOMIIHO-
CTa Ha BPEOHOCTHTE. 3aT0a M BPETHOCTHUTE 3a CO-
IpXUHaTa Ha Oakap JOOMEHH Off MPUMEPOIH Ha
MOB OJ OJIUCKaTa OKOJHMHA Ha PYIHHUKOT Oea WM3.I-
BoeHH of npyrure. [Ipuroa Gea mpecmeTaHu Tmo-
JpadjeTo Ha BPEIHOCTH 33 COApKUHATA Ha Oakap u
MeJfjaHaTta, IMTO MOKaKa CUTHU(UKAHTHO 3roJie-
MyBam€ Ha MeaMjaHara 3a Oakap 3a 9 matu BO Ofl-
HOC Ha pe3yJITaTUTE 3a UCIHUTYBAHOTO IOApadje u
3a (hakTop 4 BO OJHOC Ha BPEAHOCTHUTE 3a IIeja Te-
puropuja Ha P. Makenonuja. CriopenOenaTta aHa-
nu3a € 1ajieHa Bo Tabenara 7.

Co npuMeHa Ha OWBapHjaHTHATa CTATUCTHKA
VTBPJICH € CTENEHOT Ha TMOBP3aHOCT, OJHOCHO KO-
penanMjaTta MOMery WCIHMTYBaHUTE €JIEMEHTH BO
MpUMEpPOLM Ha MOB. 3eMEHO € JIeKa allcoJyTHaTa
BpEIHOCT Ha KoeuIueHToT Ha Kopenanuja ox 0,3
no 0,7 uauiupa 100pa aconujaruja, a momery 0,7
u 1,0 ce ykaxxyBa Ha MOCTOCH-E Ha CHJIHA MOBp3a-
HOCT Ha eJIEMEHTUTE. BpeHOCTHTE 3a COJIpKIHATA
Ha CEKOj eJIeMEHT 0ea KopearupaHu CO BPEAHOCTH-
TE 3a COAP)KMHATA HA CHTE JPYTH €JIEMEHTH. 3apa-
I TI0jaceH Mperjie]l CUTe KOpelnaluoH! KoeuIu-
CHTH TIOMely CHUTE €JIEMEHTH Ce€ TPETCTABEHU BO
MaTpHIla Ha KoeQHUIUEHTH Ha Kopenanuja (Tabena

8).

nificantly. The median value for copper in the
study area is lower than the median for copper for
the whole territory of the R. Macedonia, which
certainly was not expected [18]. However, the pa-
rameters of descriptive statistics for this element
clearly demonstrate the variability of the values.
Therefore, the values of copper content obtained
from moss samples in close vicinity of the mine
were separated from the other samples. The range
of values for the contents of copper and median
values was calculated, which showed significant
increasing of the median values for copper 9 times
compared to the results from the study area and
factor 4 compared to the values for the whole terri-
tory of the Republic of Macedonia. The compara-
tive analysis is given in Table 7.

Correlation between the elements in moss
samples was analyzed by applying bivariant statis-
tics for determination of the degree of relatedness.
Absolute value of the correlation coefficient of 0.3
to 0.7 initiates good association, and between 0.7
and 1.0 points to the existence of strong relation
between the elements. The values for the content
of each element were correlated with the values for
the content of the other elements. For a clearer
overview, all correlation coefficients between all
the elements are represented in the matrix of corre-
lation coefficients (Table 8).
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Tabena 6./Jeckpuititiugha citlaitiuciiuka Ha 6peOHOCUIUIlLe 3a COOPAHCUHA HA eleMeHiliuilie 80 Upumepoyuitie Mos (n = 52)
Table 6. Descriptive statistics for elements content values in moss samples (n = 52)

Element Unit Dis. X, X, Md min max Py Py N Sy CcvV A E
Al % log 0.21 0.18 0.17 0.047 0.85 0.11 0.37 1.33 0,018 63 0.31 0.59
As mg/kg log 2.6 1.5 1.6 0.14 14 0.39 6.5 3.06 0.42 120 0.09 -0.36
Ba mgkg N 32 30 31 12 66 15 47 12.9 1.8 40 0.45 0.05
Ca % log 0.64 0.63 0.62 0.45 1.1 0.50 0.78 1.37 0.019 21 0.81 0.88
Cd mg/kg log 0.54 0.48 0.49 0.18 1.8 0.28 0.83 0.28 0.038 51 0.04 0.30
Co mg/kg log 1.1 0.72 0.70 0.12 7.6 0.30 2.3 1.39 0.19 130 0.57 1.15
Cr mg/kg log 3.1 2.7 2.6 1.0 11 1.4 52 2.10 0.29 67 0.81 0.78
Cu mg/kg log 21 12 10 2.1 200 3.8 54 33.8 4.7 160 0.99 1.35
Fe % log 0.33 0.28 0.26 0.074 1.2 0.14 0.60 1.96 0.027 60 0.10 0.20
K % log 0.32 0.32 0.32 0.19 0.45 0.26 0.40 0.54 0.008 17 —0.25 0.37
Mn mg/kg log 170 153 150 59 440 95 240 69.9 9.7 42 0.06 0.09
Na mg/kg log 46 45 46 25 82 31 62 12.8 1.8 28 0.07 -0.51
Ni mg/kg log 7.4 6.5 6.2 2.1 30 4.0 10 4.58 0.63 62 0.80 1.93
Pb mg/kg log 8.8 7.4 6.8 2.7 40 4.0 15 6.79 0.94 77 0.89 0.96
Sr mg/kg log 26 25 24 13 55 16 34 9.11 1.3 35 0.32 0.16
Zn mg/kg log 29 28 28 17 54 22 37 6.82 0.95 23 0.08 0.49

n — 6poj Ha Mepema; Dis. — nuctpubdynuja (log — lognormal; N — normal); X, — apurmeTnuka cpeauna; X, — reomeTpucka cpeauna; Md — Menmjana; min — MUHEMYM; maxX — MaKCHMYM;
Py— 10 nepuentuin; Poy — 90 nepuenTiy; s — CTaHaapaHa AeBHjalnja; s, — CTaHAapIHa rpellka Ha cpenHaTta BpenHoct; CV — xoeduimenT Ha Bapujania; 4 — acumerpuja; E — excuec.
n —number of measurements; Dis. — distribution (log—lognormal; N — normal); X, — arithmetical mean; X,— geometrical mean; Md — median; min — minimum; max — maximum;

Py — 10 percentile; Py, — 90 percentile; s — standard deviation; s, — standard error of mean; CV — coefficient of variance; 4 — skewness; E — kurtosis
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Tao6ena 7. Ciopedbena ananusa na epedHociliuilie Ha Meoujanuilie 3a baxap 6o Upumepoyuilie MO8 3a
uchuitiysanoiiio floopayje u 3a yenaifia ilepuitiopuja na P. Makedonuja (spednocitiuitie ce dadenu 6o mg kg™’
Table 7. Comparison of median values of copper content in moss samples between data of present
work and data of the whole territory of Macedonia (in mg/kg)

HcnnryBano nonpayje — Study area

Lena Tepuropuja Ha P. Makenonuja

Llexn pervon BIlicKa OKOJIMHA Ha PY/IHUKOT 1 (uoTammjara Byaum W hole territory Of the R. Macedonia
Whole region Close vicinity of Bu¢im mine and flotation (Barandovski et al., 2008)
Md min— max Md min — max Md min — max
10 2-198 91 29 -198 22 3-83

Md — menujana; min — MUHIMYM; max — MmakcumyM; Md — median; min — minimum; max — maximum

Tabena 8. Maiupuya na koegpuyuenitiu Ha Koperayuja Ha pesyaimamume Ha nPUMepoyuiie 00 Mo
Table 8. Matrix of correlation coefficientsof the results of moss samples (n = 52)

Al | 1.00

As | 0.69 1.00

Ba | 025 0.19 1.00

Ca | 029 0.23 0.02 1.00

Cd | 082 0.64 0.15 0.09 1.00

Co | 046 0.19 0.05 020 0.51 1.00

Cr | 047 042 0.03 0.09 0.54 0.53 1.00

Cu | 036 032 031 -0.13 049 036 0.27 1.00

Fe | 096 0.64 0.28 0.21 0.85 0.53 0.49 0.51 1.00

K | 0.04 0.03 032 034 -0.13 0.07 0.13 0.14 0.09 1.00

Mn | 0.38 0.27 -0.01 0.15 0.20 -0.11 0.02 -0.01 0.27 -0.02 1.00

Na | 033 0.16 0.33 -0.12 027 0.14 029 047 044 046 0.10 1.00

Ni | 028 028 -0.14 0.16 030 033 0.65 -0.04 0.20 -0.03 0.17 0.01 1.00

Pb | 0.50 041 -0.16 0.18 050 037 035 034 044 -025 041 0.07 0.20 1.00

Sr | 0.17 0.19 034 0.19 0.11 0.16 052 -0.05 0.10 021 0.03 0.02 047 0.09 1.00

Zn | 0.68 048 028 023 047 025 037 031 0.64 023 049 046 0.13 0.61 0.18 1.00
Al As Ba Ca Cd Co Cr Cu Fe K Mn Na Ni Pb Sr Zn

Ha ocHOBa Ha MaTpuIiaTa Ha KOSHUITMEHTH Ha
Kopenamuja ¢ HampaBeHa (akropHa aHanmza (FA
unu PCA). 3a MmynTuBapHjaHTHa aHaJIu3a TPH eJie-
menTH (Co, Ca u Mn) ce enMMUHUpaHU O] IOHATA-
MOIITHA aHaJIM3a, OWIEjKM UMaaT Maj yael BO KO-
MYHaJTHOCTa, HUCKHA BPETHOCTH 32 ONTOBAPYBamE
Ha (akTopuTe U ciaba TeHIeHLHja 3a popMupame
HezaBuceH (akrop. Co ¢dakropHaTa aHanmm3a IU-
cTpulynyjaTa € HamalieHa Ha TPU CHHTETHYKH
MPOMEHJIMBY, CO HITO C€ MOKa)ka MOBP3aHOCT BO
MOTJIE HAa TEOXEMHCKH CIIMYHOCTH, KOU BKIydyBa-
at 90 % on BapujabmiHOCTa Ha 00pabOTYyBaHUTE
eJeMeHTH. Marpuiiata Ha ONTOBapyBame Ha (ak-
Topute ¢ maneHa Bo tabemara 9. Co dakropHara
aHajM3a ce W3/BOWja TPU (AKTOPHU TPYIH: eJHA
aatpororena (F1) u nBe reorenu (F2 u F3) acomu-

Factor analysis (FA or PCA) was made on the
basis of the matrix of correlation coefficients.
Three elements (Co, Ca and Mn) have been elimi-
nated from further analysis for multivariate analy-
sis, because of its low share in communality, low
values for factor loadings and low tendency to
form an independent factor. With the factor analy-
sis distribution is reduced on three synthetic vari-
ables, which showed connectedness in regard to
geochemical similarities that include 90% of vari-
ability of treated elements. The matrix of factor
loadings is given in Table 9. The factor analysis
singled out three factor groups, one anthropogenic
(F1) and two geogenic (F2 and F3) associations of
the elements. The anthropogenic distribution cov-
ers a group of elements that are introduced into the
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jalluy Ha eJIeMEHTHUTE. AHTPOIIOreHa pacipenenda
ordaka rpyma Ha €IeMEHTH KOM C€ BHECEHU BO
JKUBOTHATA CPEAMHA KaKO PE3yJITaT Ha YOBEKOBHUTE
aKTHBHOCTH, JIOJIeKa TeoreHaTa pacrhpezaenda ru
omndaka eIeMEHTUTE KOW TH Ofpa3yBaar MPHUPOI-
HuUTE Tporiecr. HuBHATa coMp’KHMHA MOCTENEHO Ce
MPOMEHYBA BO JKUBOTHATA CPEJINHATA U 3aBHCHU O]
OCHOBHHOT T€OJIONIKH COCTaB Ha TIOJPayjeTo.

environment due to human activities, while geo-
genic distribution includes elements that reflect
natural processes. Their content changes gradually
and depends on the basic geological structure of
the area.

Tabena 9. Maitupuya na oilitiogapysarve Ha OOMUHAHIIHUILE POTUUPAUKU Pakiliopu
00 pezyrimamume 3a npumepoyume 00 mog (F > 0,60, n = 52)
Table 9. Matrix of dominant rotated factor loadingsfrom the results of moss samples (F > 0.60; n = 52)

F1 F2 F3 Com
Fe 0.90 0.10 0.23 88.2
Al 0.89 0.17 0.15 83.7
Cd 0.88 0.17 —-0.01 80.8
Pb 0.71 0.09 —-0.30 60.1
As 0.69 0.20 0.07 52.6
Zn 0.69 0.09 0.32 58.5
Cu 0.59 -0.17 0.36 50.6
Co 0.53 0.35 -0.01 40.7
Ni 0.19 0.83 —0.18 76.0
Sr —0.03 0.81 0.26 72.6
Cr 0.47 0.75 0.08 78.6
K -0.12 0.16 0.79 66.2
Ba 0.11 0.02 0.74 56.0
Na 0.35 —-0.05 0.69 60.5
Var 34.8 15.8 15.4 66.1

F1, F2, F3 — onroBapyBame Ha hakTopy; Var — Bapujanma (%); Com — komyHanHocT (%)
F1, F2, F3 — factor loading; Var — variance (%); Com — communality (%)

6.1. AuTponorena pacnpeneada
HA XeMHCKH eJIeMeHTH

[IpoctopHara pacmpenenda Ha EIEMEHTUTE
MPETCTaByBa 3arajlyBame KOra THE CE BHECEHH BO
KHBOTHATA CpeliHa KaKO Pe3yJITaT Ha YOBEKOBUTE
aKTUBHOCTH (QHTPOIIOTEHO 3aragyBame). Bo ciry-
Yaj HA XEMHCKH €JIEMEHTH BHECEHH CO YOBEKOBa
AKTHUBHOCT, HUBHATA COJIPXKIHA MOXE J]a Ce 3rolie-
MU HEKOJIKY IaTH IOBEKe BO OJHOC HA HHMBHATA
MPUPOIHA 3aCTaNeHOCT (CO HEe3HAYMTENIHU OTCTa-
myBama). OOMYHO 0 BaKBU I0jaBH Joara BO OJH-
3WHA Ha TJIaBHH COOOpaKkajHUIIN, ACTIOHUH Ha OT-
naji, WHAYCTPUCKH 30HU, PYJHHIN W PYAHUYKH
AKTHUBHOCTHU M TEPMOIICHTPAITH.

6.1. Anthropogenic distribution
of chemical elements

Anthropogenic distribution represents the
type of pollution when chemical elements are in-
troduced into the environment through human ac-
tivities. In the case of anthropogenically produced
chemical elements, their concentration can increase
several times compared to their natural representa-
tion (with minor elemental fluctuations). The
anomalies occur close to major roads, waste dis-
posal sites, industrial zones mines, mine activities,
and power plants.
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6.1.1. I'eoxemucka aconujanuja
Ha Al-As-Cd-Co-Cu-Fe-Pb-Zn

®daxrtop 1 (Al, As, Cd, Co, Cu, Fe, Pb, Zn)
[IPETCTaByBa aHTPOIIOIE€HA F€0XEMHCKa acOLjalH-
ja Ha oBue enmeMeHTH (kKapTa. 7). IlojaByBameTo Ha
OBOj aHTpONOreH (hakTop Oelle 0UYeKyBaHO MOPAIH
MPUCYCTBOTO Ha pyaHHUKOT. CTaHyBa 300D 3a ene-
MEHTU KOM CO BHCOKa COJApKMHA ce cpekaBaaT BO
00JIaCTH BO KOM C€ BpIIAT PYIAHUYKHA aKTUBHOCTH
[41, 42]. OTBOPEHNOT MOBPIIMHCKU KO U UCKOITY-
BamkETO Ha PyIHUTE MUHEPAJI OBO3MOXKYBAaar Jiec-
HO pacrpocTpaHyBame Ha ((UHHOT IpaB Koj ce cO3-
naBa. PynHuukara u QuoranuoHara jajloBUHA Je-
[IOHUpPaHa Ha OTBOPEHO € I10J KOHTUHYUPAHO BIIU-
jaHre Ha epO3UBHUTE €(PEKTH HA BETPOBUTE U BIa-
rara, IITO OBO3MOXXYBa TUCTpHOyHpame Ha Haju-
HUTE YeCTHUYKU O] moBpinHaTa. OUHUOT mpas co
BHCOKA COJPKHMHA Ha OBHE €JIEMEHTHU IIOCTOjaHO I'0
HOCAT BETPOBHUTE, CO IITO C€ BPLIM JUCTpUOyHpa-
€ BO BO3IYXOT M PacHpOCTpaHyBame Ha IOroe-
MH pacTojaHdja ol pyTHUKOT. Brucokara BpeIHOCT
Ha BapujabmiHocTa, 35 % o1 BKynmHATa BapHjaOuiI-
HOCT Ha MOJATOLHUTE, C€ NOJKW Ha EKCTPEMHHUTE
BpeIHOCTH (BHUCOKM) Ha COApIKHWHAta Ha OBHE aH-
TPOIIOT€HU €JIEMEHTH BO NPUMEPOLMTE Ha MOB O[]
Onmuckara OKOJMHA Ha pyJHUKOT. Ol MPOCTOpHATa
pacmpenenda Ha oBOj ¢aktop (kapTa 7) jacHO ce
rjiesia ieka BUCOKAaTa COAP)KMHA HA OBUE €JIEMEHTH
ce jaByBa BO OJMcKaTa OKOJIMHATA Ha PYJHHKOT.
[Nopaneunu monpadvja HEe ce 3aCETHATH OJ TOBHCO-
KM BPEIHOCTH Ha HUBHATa COJAP)KMHA, a HUBHOTO
IIPUCYCTBOTO C€ JOJDKM CaMO Ha IPUpPOJHATa 3a-
CTareHoCT.

6.2. Illpupoana nucTpudyuuja
Ha eJleMeHTHTe

Hducptubynujarta Ha eJIeMEHTUTE KOU T'M Of-
pa3yBaaT IPUPOAHUTE MPOLECH BKIydyBa €JIEMEH-
TH KOM PETKO WM BOOIIITO HE CE 3acTalleHd BO
WHAYyCTpUCKHTE TporiecH. HuBHAaTa conpkuHa oOny-
HO IIOCTENEHO ce€ MEHyBa HU3 IIPEIENIOT U 3aBUCH
0l OCHOBHHMOT I'€OJIOLIKU cocTaB. Bp3 ocHoBa Ha
pesynaratuTe of ¢akTopHaTa aHaamu3a, JehUHUpaHU
ce JIB€ F€OXEMHCKH acOIMjalluy Ha eJIEeMEHTHTE.

6.2.1. I'eoxemucka acouujanuja Cr-Ni-Sr

®akrtop 2 (Cr, Ni, Sr) npeTcraByBa reoreHa
acommjarmja. [IpoctopHaTta pacmpernenba Ha ene-
MEHTHTE 0] 0BOj (haKTOp € MpHKaKaHa Ha KapTaTa
8. HuKenoT 1 CTPOHLIMYMOT ce cpekaBaaT Kako Ou-
OTCHU M €CCHIIMjaJTHN €JIEMEHTH BO Tparu Kaj pac-

6.1.1. Geochemical association
Al-As-Cd-Co-Cu-Fe-Pb-Zn

Factor 1 (Al, As, Cd, Co, Cu, Fe, Pb, Zn),
represents anthropogenic geochemical association
of these elements (Map. 7). The appearance of this
anthropogenic factor was expected because of the
presence of the copper mine. These elements usu-
ally appear in higher content due to mining activi-
ties [41, 42]. Open ore pit and mining minerals
allow easy distribution of fine dust that is created.
The exposure of mine and flotation tailings in the
open, under the continuous influence of erosive
effects of winds and moisture allows distribution
of the finest particles from the surface. Fine dust
with a high content of these elements is constantly
carried by the winds and so distributed in the air
and spread to larger distances away from the mine.
The high value of variability, 35 % of the total
variability of the data, is due to extreme values
(high content) of these anthropogenic elements
derived from samples of moss in the mine vicinity.
The spatial distribution of this factor (Map 7)
clearly shows that high contents of these elements
are found in close vicinity of the mine. Distant ar-
eas are not affected by higher values of their con-
tents, and the presence is due only to their natural
presence.

6.2. Natural distribution of elements

The distribution of elements that reflect natu-
ral processes is indicated by elements that are
rarely or never included in industrial processes.
Their content usually changes gradually across the
landscape and depends on the geological back-
ground. Following the results of factor analysis
two natural geological associations were defined.

6.2.1. Geochemical association Cr-Ni-Sr

Factor 2 (Cr, Ni, Sr) represents a typical geo-
genic association and spatial distribution of the
elements from this factors given on Map 8. Nickel
and strontium are contained as biogenic elements
and essential trace elements in moss plant tissue
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THTETHOTO TKUBO Ha MoB [43]. Ox apyra cTpaHa,
BHCOKHTE BPEIHOCTH 3a OINTOBApyBameTO Ha (a-
KTOPUTE BEPOjaTHO CE MOBP3aHH CO IreoJIoTHjaTa Ha
WCIHTYBAHOTO TMOJIpayje cO OCTATOIM Ha IIIHOIICH-
CKH TIECOYHH HEKOHCOIHVPAHHU CEPUN U HEOTCHH
JAIMTO-aHJC3UTH, UHTPUOUT U nupokaacTutu. On
MaTpHIlaTa Ha ONTOBAPYBakE HA JOMHHAHTHUTE
poTtupauku (akTopu Moxke Aa ce Bumu aeka Cr
¥Ma PEeNTaTUBHO BHUCOKA BPEITHOCT HA ONTOBAPYBAHE
1 3a ¢akrop 1, mWTO ce JOMKH HA aHTPONOTCHOTO
BIIMjaHUE BP3 COAPIKUHATA HA OBOj eIeMeHT [44].

6.2.2. I'eoxemucka aconujanuja Ba-K-Na

®daxrop 3 (Ba, K, Na) ru acornupa eneMeHTH-
Te KOM MPHUPOJHO CE CpeKkaBaaT BO MOYBATa U MO-
BTa Kako MakpoeneMeHTH [43]. CoapxkuHaTta Ha
OBHE €JIEMEHTHU € BapHjaOWiIHa U HE € TIOBp3aHa co
AHTPOTIOTE€HO BIIMjaHUE BP3 HUBHOTO MIPHUCYCTBO BO
KHUBOTHaTa cpeauHara. [IpoctopHara pacnpenenda
Ha OBHE €JIEMEHTH C€ JOJDKM Ha MPHCYCTBOTO Ha
TJIMHATA, KOja € MPOIYKT Ha pacharameTo mpen ce
Ha TPUMApPHHUTE MHUHEpAIH — (eNjcraTH, Kako |
Ha MUHepaJluTe 0O rpynarta Ha ampuodonu (kapta 9).

3a momobpa TpErIeaHOCT € HamlpaBeHa TIpo-
CTOpHaTa pacmpenenda 3a CHTE eJIeMEHTH MOeIu-
HEYHO, KaKko U 3a OHME KOH He ce ondartenu co ¢a-
KTOopHaTa aHanuza (kapture 13-28).

IIpocropHara pacnpenenba Ha TOSTUHEYHUTE
eJIEMEHTH W MPOCTOpHATa pacrupenenda Ha Oonfen-
HUTe (aKTOPHU acolMjalldy MOKa)KyBaaT JeKa ca-
MO BO OJTMCKaTa OKOJIMHA Ha PYAHHUKOT MMa BHCO-
KH BPEIHOCTH Ha COApPKMHATA HAa aHTPOIOTCHHUTE
erleMeHTH BO MOB. CriopenOeHaTa aHanmsa cO CO-
OJIBETHUTE BPEIHOCTU 3a OBHE EJIEMEHTH 3a Ieja
Teputoprja Ha P. Makenonuja (Tabena 7) mokaxa
JieKa caMo OJIMCKaTa OKOJIMHA Ha PYAHUKOT ce Ka-
paKTepu3rpa CO BHCOKAa COAPXKMHA HAa CHTE aHTPO-
MIOTE€HH EJIEMEHTH, a caMO 0aKapoT MOKa)XyBa BH-
COKO OTCTallyBame Ha BPEIHOCTAa Ha MeIHjaHara
BO OJJHOC Ha COOJIBETHATa BPEJHOCT 3a COAP KHHA-
Ta Ha Oakap Ha mena Tepuropuja Ha P. Makemonuja
[18]. JducTpubyruja BO TOMAJICYHH PETHOHHM Ha
OBaa acoljanyja Ha eeMEHTH He € YTBpAeHa. 3a-
TPHKYBaukd € TOa LITO BO HEMocpenHa ONn3nHa
Ha PYyIHUKOT C€ HAoraar JiBe HAaCEJIeHU MECTa, ce-
nata byuum u Tononnuna. Hacenenuero Bo oBue
cella KOHTHHYHPAHO € M3JI0KEHO Ha BUCOKa COAp-
KUHA Ha Oakap M APYTH TEIIKH METaJId BO JKUBOT-
HaTa CpeFHa, IITO IPEeTCTaByBa HEraTHBHO BIIHja-
HHUE BP3 HUBHOTO 3]IpaBje.

[43]. On the other hand, high values of factor load-
ings are probably related to the geology of the
study area, with remnants of Pleistocene sedimen-
ts, Neogene dacites, andesites and pyroclastites.
From the matrix of the dominant rotating factor
loadings it can been seen that Cr has a relatively
high value of the factor loading for Factor 1, which
is due to anthropogenic impact upon this element
content [44]

6.2.2. Geochemical association Ba-K-Na

Factor 3 (Ba, K, Na) associates the elements
which are naturally found in soil and moss as mac-
roelements [43]. The content of these elements is
variable and is not related to any anthropogenic
impact upon their content in the environment. The
spatial distribution of these elements is due to the
presence of clay, which is the product of disinte-
gration of, above all, the primary rocks of the land,
like feldspars and some minerals from amphibole
group (Map 9).

For better visibility, there is a spatial distribu-
tion for all elements individually, as well as for
those not covered by factor analysis (Maps 13-28).

The spatial distribution of individual elements
and the spatial distribution of individual factor as-
sociations recorded that in the near vicinity of the
mine there are high values for the contents of an-
thropogenic elements in moss. The comparative
analysis with the appropriate values for these ele-
ments for the whole territory of the R. Macedonia
(Table 7) showed that only the close vicinity of the
mine is characterized with high contents of all an-
thropogenic elements, but only copper shows a
high deviation of the median value compared to the
corresponding value for copper content on the
whole territory of the R. Macedonia [18]. The dis-
tribution of this association of elements at distant
regions was not determined. It is worrying that in
the close vicinity of the mine there are two settle-
ments, villages Bu¢im and Topolnica. The popula-
tion in these villages is continuously exposed to
high content of copper and other heavy metals,
which has a negative effect on their health.
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Kapra 7. [IpocTopHa pacnpezenba Ha BpeTHOCTHTE 32 PakTop 1 BO MPUMEPOLUTE HA MOB
(Al As, Cd, Co, Cu, Fe, Pb, Zn)
Map 7. Spatial distribution of Factor 1 scores in moss samples
(Al As, Cd, Co. Cu, Fe, Pb, Zn)
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Kapra 8. [IpocropHa pacnpernesnba Ha BpeqHocTUTE 32 (aktop 2 Bo npumepouute Ha MoB (Cr, Ni, Sr)
Map 8. Spatial distribution of Factor 2 scores in moss samples (Cr, Ni, Sr)

—43 -



Scale (km)
[ EEm— |
0o 1 2 3

N

A

F3 (percentiles of distribution)

10 25 40 60 75 90

Kapra 9. [IpoctopHa pacnpeneinba Ha BpeqHOCTHTE 32 (hakTop 3 Bo nmpumeponute Ha MoB (Ba, K, Na)
Map 9. Spatial distribution of Factor 3 scores in moss samples (Ba, K, Na)
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7. BAOMOHUTOPHUHT
CO MPUMEPOLIM [IPAB
OJ1 TOTKPOBHHU I'PEIN

Bo npumeponure o npas demie onpeaeHa co-
npxuHaTta Ha BKymHO 18 emementu: Al, As, Ba,
Ca, Cd, Co, Cr, Cu, Li, Fe, K, Mg, Mn, Na, Ni, Pb,
Sr u Zn. BakBuoT mpucTanm KOH MOHUTOPHUHIOT
Oellle HAIIPaBEH 3a J]a Ce YTBPU JaJld HACCIICHUTE
MeCTa, a CO TOa TUPEKTHO HACEIIEHHUETO € M3JI0Ke-
HO Ha PaclpOCTPaHyBamkETO Ha (DUHHUOT IMpaB Koj
ce c03/1aBa Off aKTUBHOCTHTE KOU CE U3BEAyBaatT BO
pynuukot. llpuMeHaTta Ha BakOB THN MPUMEPOLU
naBa WHGOPMAIIMK 32 BIIMjAaHWETO HAa PYAHUKOT
Bp3 3aralyBame€TO Ha BO3AYXOT 32 €ICH IOA0JT
BPEMEHCKH TepHOJ (01 MOYETOKOT Ha ()yHKIIMOHU-
pameTo Ha PyAHHUKOT J0 JICHEC).

On BpeIHOCTUTE TOOMEHM 3a COApKUHATA Ha
€IICMECHTHTE € M3BPIIICHA OCHOBHA JIECKPUTITUBHA H
OWBapujaHTHA aHAJN3a, a PE3YJITATUTE CE MPETCTa-
BeHu Bo Tabenute 10 u 11 coomserHo. Hopmaihna
pacmpenenda Ha BpeaHOCTHUTE Oele yTBpIeHA Kaj
nmojaTonuTe 3a conapxkuHata Ha Al, Ca, Fe u K. 3a
JPYTUTE €IEMEHTH HOpMasu3aluja Oerre u3BpIie-
Ha HAa HUBHHTE JIOTAPUTAMCKH BpeAHOCTH. Bmco-
KHOT CTETICH Ha BapWjaOMITHOCT Ha MOAATOIHTE Oe-
1€ YTBPJICH Kaj OJUICTHUTE MPOMEHINBH (OCOOSHO
kaj Ba, Ca, Li, Fe). [Ipumenara Ha OuBapujaHTHa-
Ta CTATHCTHKA 332 CHUTC CJIEMCHTH IOKa)Ka BHCOKH
BPEIHOCTH HAa KOS(PHUIIMESHTHTE HA KOpEJIalyja.

ITo HOpMmanmu3anuja W CcTaHgapau3andja Ha
BPEIHOCTHTE 32 COJP)KUHATA HA CIIEMCHTHUTE Oellie
HampaBeHa U (akropHa aHanm3a (tabema 12). Ox
ITOHATaMOIITHA MYJITHBapHjaHTHA aHan3a O6ea enu-
MUHUpaHU HekolKy enemeHTtu (Al, Ba, Na, Fe, K,
7Zn) mopajy HUCKUTE BPSIHOCTH Ha ONTOBAPYBakE
Ha (hakTopuTe U cabaTa TeHACHIMja 1a GhopMupa-
aT HezaBuceH (akrop. Co pakTopHara aHamm3a au-
CTpuOylujaTa € HamajicHa Ha TPU CUHTCTUYKHU
npomernuBy (F1 go F3). Ox uznBoenuTe acoruja-
MU Ha eleMeHTHTE ABe (GaKTOPHU IPYITH MPETCTa-
ByBaaT TEOTeHH acoljanuy, a eaHa (akTopHa
rpyma MpeTcTaByBa aHTPOIIOTCHA acolldjanyja Ha
€JIEMEHTHTE.

7. MONITORING WITH ATTIC DUST
SAMPLES

Attic dust samples were analyzed for deter-
mination of the contents of 18 elements: Al, As,
Ba, Ca, Cd, Co, Cr, Cu, Li, Fe, K, Mg, Mn, Na, Ni,
Pb, Sr, and Zn. This approach to monitoring was
made in order to determine whether the settle-
ments, thereby the population is directly exposed
to the distribution of fine dust generated by activi-
ties carried out in the mine. The use of such sam-
ples will give information about the impact of the
mine on air pollution for a longer period of time
(since the opening of the mine until today).

Basic descriptive and bivariant analysis was
made with the values of the contents of the ele-
ments and the results are presented in Tables 10
and 11, respectively. Normal distribution of data
was determined with the values for the contents of
Al, Ca, Fe and K. For other elements normalization
of their logarithmic values was made. The high
degree of variability of the data was determined for
individual variables (especially in Ba, Ca, Li, Fe).
Bivariant statistics for all elements showed high
values of correlation coefficients.

Factor analysis was made of the content val-
ues of the elements after their normalization and
standardization (Table 14). For further multivariant
analysis several elements (Al, Ba, Na, Fe, K, Zn)
were eliminated because of low values of factor
loadings and low tendency to form an independent
factor. With factor analysis, the distribution was
reduced to three synthetic variables (F1 to F3).
From the associations of elements allocated, two
factor groups represent geogenic associations, and
one factor group is an anthropogenic association of
elements.
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Ta6ena 10. Jeckpuiliiusna ciiaitiucitiuka Ha 6peoHOCiuilie 3a COOPAHCURAILA HA eleMeHIliuilie 60 npumepoyuille
Ha ipas 00 UOUKposHU 2pedu (n = 64)
Table 10. Descriptive statistics for elements content values in attic dust samples (n = 64)

Enementn  Unit Dis. X, X, Md min Max Py Py s Sy cv A E
Al % N 1.1 1.0 1.1 0.18 22 0.64 1.6 0.38 0.047 34 0.26 0.39
As mg/kg log 8.1 3.6 6.4 0.5 5.52 0.50 18 9.2 1.2 110 -0.29 -1.42
Ba mg/kg log 4600 360 150 3.9 39000 24 21000 11000 13000 230 0.43 —-0.83
Ca % N 0.60 0.47 0.59 0.034 1.9 0.14 1.1 0.36 0.045 60 0.79 1.30
Cd mg/kg log 2.0 2.0 2.0 1.1 3.1 1.4 2.6 0.46 0.058 23 —-0.24 -0.07
Co mg/kg log 6.3 5.9 5.6 24 11 4.0 9.9 2.1 0.26 34 0.19 0.05
Cr mg/kg log 39 35 31 17 110 24 78 21 2.7 55 1.19 0.80
Cu mg/kg log 52 33 27 11 420 16 120 76 9.5 150 1.51 2.18
Fe % N 1.2 1.1 1.30 0.11 1.8 0.60 1.6 0.41 0.052 34 -1.31 1.48
K % N 0.88 0.87 0.86 0.56 1.2 0.72 1.1 0.14 0.017 15 0.1/ —-0.34
Li mg/kg log 4.8 4.0 4.1 1.2 16 1.6 8.7 3.1 0.39 64 0.02 0.79
Mg % log 0.13 0.064 0.071 0.002 0.59 0.009 0.34 0.14 0.017 110 —-0.43 —0.66
Mn mg/kg log 210 200 200 110 450 140 300 70 8.8 33 0.40 —0.17
Na % log 0.68 0.50 0.48 0.033 2.9 0.23 1.6 0.63 0.079 93 —-0.24 1.95
Ni mg/kg log 23 20 17 8.9 59 12 41 13 1.6 54 0.43 -1.11
Pb mg/kg log 29 21 20 3.1 120 7.5 53 24 3.0 83 -0.20 —-0.07
Sr mg/kg log 36 28 32 3.6 140 10 61 25 3.2 70 —-0.74 0.92
Zn mg/kg log 51 49 49 21 93 34 73 15 1.9 30 -0.20 0.11

n — 6poj Ha Mepema; Dis. — nuctpubdynuja (log — lognormal, N — normal); X, — apurmeTnyka cpeauna; X, — reoMeTpucka cpeanna; Md — Menujana; min — MUHEMYM; Max — MaKCUMYM;
Py — 10 mepuentnnm; Pyy — 90 mepueHTIIN; s — CTaHIapHA ICBHUjalllja; s, — CTAaHIap/Ha IPellka Ha cpeaHara BpeaHoct; CV — koedunueHT Ha Bapujanuja (%); A — aCHMETPHYHOCT.
n —number of measurements; Dis. — distribution (log — lognormal; N — normal); X, — arithmetical mean; X, — geometrical mean ; Md — median; min — minimum;
max — maximum; Py — 10 percentile; Pyy— 90 percentile; s — standard deviation; s, — standard error deviation; CV — coefficient of variation; 4 — skewness; E — kurtosis.
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Tab6ena 11. Maiupuya na xoedpuyuenitiu Ha kKoperayuja 8o Upumepoyuilie Ha Upas 00 UOUUKPOGHU epedu (n = 64)

Table 11. Matrix of correlation coefficients in attic dust samples (n = 64)

Al 1.00

As 0.04 1.00

Ba | -0.04 -0.16 1.00

Ca 036 -0.14 040 1.00

Cd | 057 021 -0.03 0.15 1.00

Co 022 019 0.01 007 057 1.00

Cr 0.16 —0.06 0.03 002 040 084 1.00

Cu | 002 040 -0.02 -0.05 022 004 -0.19 1.00

Fe 021 0.04 029 025 024 026 038 -0.09 1.00

K 0.10 0.07 -0.16 024 -00 -021 -034 0.05 -023 1.00

Li 030 0.07 048 051 -0.03 -0.06 -0.18 -022 0.11 029 1.00

Mg | 023 -0.16 039 072 028 034 030 -023 040 0.09 044 1.00

Mn | 047 0.01 022 044 039 043 025 -022 027 0.07 049 0.52 1.00

Na 0.10 0.16 024 -0.03 -0.17 -0.02 -0.15 0.10 -0.05 0.05 039 -0.10 0.05 1.00

Ni 020 0.06 0.09 004 045 068 077 -022 047 -028 0.06 034 046 -0.10 1.00

Pb 0.15 039 -0.02 028 027 0.04 -0.14 026 0.14 024 027 0.15 037 -0.05 021 1.00

Sr 0.63 0.08 0.11 055 053 025 011 -0.09 032 024 040 033 064 003 039 047 1.00

Zn 00 001 044 034 -0.07 -038 -0.52 027 0.05 0.10 044 0.11 0.15 0.10 -0.21 0.38 0.20 1.00
Al As Ba Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sr  Zn
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7.1. 'eoxemucka acoumujanmja
Ca-Li-Mg-Mn-Sr

®daxropor 1 (Ca, Li, Mg, Mn, Sr) npeTrcTaBy-
Ba Ie€OXEMHCKa acolujaludja Ha eIeMEHTHTE, Oll-
HOCHO TOj IpeTcTaByBa reoret dakrop (kapta 10).
[IpucycTBOTO Ha OBaa Tpymna eIeMEHTH € Pe3ynTaT
Ha MIPUPOJHUTE TOjaBH KaKO IITO € HOCEHmETO Ha
¢uH TpaB O MOBPIIMHCKHUTE CJIOEBH Ha MOYBaTa
co BeTpoBuTe. OBHE €JIEMEHTH CE CpeKaBaaT Kako
MHUKPOEJIEMEHTH BO KHBOTHaTa cpeauHa. Coapiku-
HaTa Ha OBUE €JIEMEHTH € NMMPOMEHJIMBA M HajuecTo
HE € TIOBp3aHa CO aHTPOIOTeHO BIIMjaHHE BP3 HUB-
HaTa COJpXXMHA BO OKOJNMHATa. Bucokara Bpen-
HocT 3a BapujaHnata (31 %) ce MoKy Ha HUBHATA
BapHjabHIIHA COAP>KMHA BO OKOJIMHATA.

7.2. I'eoxemucka acounjauuja Cd-Co-Cr-Ni

®daxktop 2 (Cd. Co, Cr u Ni) acorupa reoreHu
enemenTH (kapta 11). OBaa ¢akTopHa rpymna € mo-
Bp3aHa co JuTorenesarta. Huckara BpegHocT Ha Ba-
pHjaHIaTa ce JOJKA M Ha pellaTHBHATA yeaHade-
HOCT Ha TMojaTonuTe 0e3 H3pa3eHH EKCTPEeMHH
BpEIHOCTH. BHCOKa BpeAHOCT Ha ONTOBApYBambC
kaj oBoj (akrop mma enemenror Cd (0,51) xoj e
3acraneH nomery dakrtop 2 u dakrop 3. Hajsuco-
KU COAPXMHH Ha OBaa (hakTOpHA rpyrma ce Haoraat
BO O0JiacTa Ha HEOTCHH JANUTH, aHAC3UTH U TIH-
POKIIACTHUTH.

7.3. T'eoxemucka aconujanuja As-Cu-Pb

®daktop 3 (As, Cu u Pb) acorupa reoxemucka
rpyna Ha eJIeMEHTH YHe M0jaByBambe € Pe3yiTar Ha
aHTpororenn akTuBHOCTH (KapTa 12). Kaj oBaa da-
KTOpHA TpyIla BUCOKA BPEIHOCT Ha ONTOBAPYBambE
nma u enemenTor Cd (0,47), ko] HCTO Taka ce jaBy-
Ba TOpagd MPHUCYCTBOTO HA PYyTHUKOT. DUHHOT
MpaB Off pyJHUYKATa jaJJOBUHA M OFf OTBOPEHHOT
KOIl Ha PYAHUKOT KOHTHHYHPAHO € HOCEH W pac-
MIPOCTPaHyBaH CO BETPOBHUTE U TAJOXKEH BO CPEIH-
Hata. OBa 0 MOTBPyBaaT M BUCOKUTE BPEIHOCTU
3a COIp)KMHATa HA OBHE EJIIEMEHTH BO NPABOT OJ
MTOTKPOBHH TPEJIH.

Op crpoBeneHNOT MOHUTOPHHT CO TPUMEPO-
II1 TIpaB Off IOTKPOBHH T'PEH, KaKO aHTPOIIOTEHA
Tpymna Ha €JIeMEHTH Ce acolupaa eJIeMEeHTUTE AS,
Cu, Pb, Cd. OBue eneMeHTH BO BUCOKH COJIPIKUHHU
ce BHECEHH BO KMBOTHATA CpelWHATa CO aKTUBHO-
CTHTE KOW Ce CIPOBEAyBaaT BO PYAHHUKOT. Makcu-
MaJHATE BPEIHOCTH 3a COAP)KMHATA Ha OBHE eJle-
MeHTH Oea HOoOHEeHH BO IPHUMEPOITUTE IIpaB O] I10-
TKPOBHH Tpeau o Kykurte Bo cenata bydaum u To-

7.1. Geochemical association
Ca-Li-Mg-Mn-Sr

Factor 1 (Ca, Li, Mg, Mn and Sr) represents a
geochemical association of elements, i.e. it is a
geogenic factor (Map 10). Their sources are mainly
natural phenomena such as fine dust weathering
from surface soil layer. These elements are natu-
rally found in environment as micro elements. The
contents of these elements are variable and are not
related to any anthropogenic activities. High value
for the variance (31 %) is due to their variable con-
tent in the environment.

7.2. Geochemical association Cd-Co-Cr-Ni

Factor 2 (Cd, Co, Cr and Ni) associates geo-
genic elements (Map 11). This group of factors is
associated with lithogenesis. The low value of
variance due to the relative similarity of data with-
out expressed extreme values. High value of this
load factor was found for the element Cd (0.51)
which is present between factor 2 and factor 3.
High factor loadings are related to some old forma-
tions such as Neogene dacites, andesites and pyro-
clastites.

7.3. Geochemical association As-Cu-Pb

Factor 3 (As, Cu, Pb) associates geochemical
elements that indicate anthropogenic influence in
the study area (Map 12). The element Cd has high
loading value for this factor group (0.47), which
also occurs due to the presence of the mine. Fine
dust from the ore tailings and the open ore pit is
continuously carried and spread by wind, deposited
in the environment. This was confirmed by high
values for the contents of these elements in the at-
tic dust.

The conducted monitoring with samples of at-
tic dust, as an anthropogenic group of elements
associated elements As, Cu, Pb, Cd. These ele-
ments are introduced into the environment in high
contents with activities that are conducted in the
mine. The maximum values for the content of
these elements were obtained from attic dust sam-
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MOJTHUIIA, KOW CE HaoraaT BO HEMOCpeaHa OJIM3KuHA
Ha pyaHukoT. Tue mpumepornu Oea WU3IBOCHU OJ
JPYTUTE TPUMEPOIM OJi UCHUTYBAHOTO MOJpadje.
JloOuenu Gea cieaHuUBE BPEAHOCTH 32 MEIU|jaHUTE:
As 21 mg kg'; Cd 2,8 mg kg''; Cu 180 mg kg ';
Pb 76 mg kg '.OBue BpemHOCTH Ha MeaMjaHWTE
3HAYAJHO CE€ PA3NIMKyBaaT OJl COOABETHHUTE BPEIHO-
CTH BO MIPUMEPOIIUTE MPAB O] TOTKPOBHU I'PEIU O]
LEJI0TO MCIMTYBaHo moapadje (As 10 mg kg'; Cd
2.0 mg kg‘l; Cu 27 mg kg '; Pb 20 mg kg‘l). 3Ha-
YUTEIHA pa3lIMKa Kaj BPEIHOCTUTE HAa MeaUjaHaTa
3a Cd mema, HO 3a enementute As, Cu u Pb moctoun
pasznuka co (akTop Ha 3rojeMyBame 2, 4 u 9 naru,
COOJIBETHO.

ples of houses in villages Bu¢im and Topolnica,
located near the mine. These samples were sepa-
rated from other samples taken in the study area.
The following median values were obtained: As 21
mg kg'; Cd 2.8 mg kg'; Cu 180 mg kg'; Pb 76
mg kg'. These median values differ from appro-
priate values for attic dust samples from the whole
study area (As 10 mg kg™'; Cd 2.0 mg kg'; Cu 27
mg kg'; Pb 20 mg kg'). A significant difference
in median values for Cd was not found, but for the
elements As, Cu and Pb there is a difference with
enrichment factor 2, 4 and 9 times, respectively.

Tab6ena 12. Maitipuya na oliitiosapysarpe Ha OoMuHaHIIHUILEe POTUUPAHY GaKitiopu
60 npumepoyuitie Ha npas 00 Hottikpoeuu epedu (F > 0,60; n = 52)
Table 12. Matrix of dominant rotated factor loadings in attic dust samples (F > 0,60; n = 52)

F1 F2 F3 Comm

Mg 0.80 0.20 -0.22 73.1
Ca 0.80 -0.04 -0.10 64.5
Li 0.77 -0.12 0.04 61.0
Mn 0.75 0.35 0.11 69.9
Sr 0.72 0.12 0.19 56.7
Co 0.04 0.93 0.09 87.0
Cr -0.07 0.91 -0.23 88.6
Ni 0.19 0.86 0.04 77.5
Cd 0.27 0.50 0.47 53.3
As -0.08 -0.06 0.78 62.2
Pb 0.27 0.09 0.70 57.6
Cu -0.18 -0.05 0.70 52.4
Var 31.3 19.4 16.3 67.0

F1, F2, F3 — onroBapyBame Ha ¢axropy; Var — Bapujanna (%); Comm — komyHanHOCT (%)

F1, F2, F3 — factor loading; Var — variance (%); Comm — communality (%)

MOHHTOPUHTOT CO MPHUMEPOLM MpPaB O TIO-
TKPOBHH TPEIU OBO3MOXKYBa TOJOJTOTPAJHO Cie-
JIehe Ha PaclpoCTpaHyBameTO Ha (UHUOT MPaB U
HEroBOTO TAJIOXKEHE BO HaceleHH Mecta. Ha oBoj
Ha4MH ce CJey HermocpeaHaTa U3JI0KEeHOCT Ha ITy-
feTo Ha COJp)KMHATA Ha OBHE TEIIKH METalIH BO
JKUBOTHATa OKOJIMHA 3a €ACH MoAoaT mnepuox (50—
100 rommum). IIpocTopHarta pacmpemenda MOTBp-
IyBa JIeKa JUCTPUOYIHMjaTa Ha OBUE TEIITKH METaIN
BO BHCOKH COJP)KHHH TIPEKy MPaBOT HE 3aCErHyBa
MoaJIeyHH ToJjpadja off pyaIHUKOT. Bucoka comp-
JKUHA HA OBHE €JIEMEHTH € YTBPJeHa BO NMPUMEPO-
LIMTE MpaB OJ MOTKPOBHHUTE T'peau BO ceiara by-
guM U Tomonauma. IIpocTopHaTa pacmpemenda Ha
TpuTe (haKTOpH € mpercTaBeHa Ha kaptute 10, 11 u
12. 3a momobpa TperjeaHOCT MPOCTOpHATA pac-
npenenba € HampaBeHa 3a CHTE €JIEMEHTH TOeIH-
HEYHO, KaKO W 3a OHHE KOH He ce omndareHu co ¢a-
KTOpHaTa aHanm3a (kapture 29—46)

Monitoring with attic dust samples allows
longterm monitoring of the distribution of fine dust
and its deposition in populated areas. In this way,
the direct human exposure to the contents of these
heavy metals for a longer period (50-100 years)
can be monitored. Spatial distribution confirms
that the distribution of these heavy metals in high
content through dust does not affect areas distant
from the mine. High contents of these elements are
determined in attic dust samples from the villages
Buéim and Topolnica. Spatial distribution of the
three factors is presented on Maps 10, 11 and 12.
For better visibility, spatial distribution is made for
all elements separately, as well as for those not
covered by factor analysis (Maps 29-46).
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Kapra 10. I[IpocTopna pacnpenenda Ha BpenHocTuTe 3a akrop 1 Bo mpumepormre Ha npas (Ca, Li, Mg, Mn, Sr)
Map 10. Spatial distribution of Factor 1 scores in attic dust samples (Ca, Li, Mg, Mn, Sr)
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Kapra 11. IIpocropna pacnpesenba Ha BpenHocTute 3a Gakrop 2 Bo npumepouure Ha npas (Cd, Co, Cr, Ni)
Map 11. Spatial distribution of Factor 1 scores in attic dust samples (Cd, Co, Cr, Ni)
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Kapra 12. IIpocTopna pacnpenenda Ha BpeIHOCTUTE 3a ¢akTop 3 Bo mpuMmeporute Ha pas (As, Cu, Pb)

Map 12. Spatial distribution of Factor 1 scores in attic dust samples (As, Cu, Pb)
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8. MOHUTOPHUHI' CO ITPUMEPOIIN
ITOYBA

Bo ucnutyBaHOTO mMoOApadvje, MmapalesHO CO
CTIPOBEJCHUOT OMOMOHUTOPUHI U MOHUTOPUHT CO
MpUMEHa Ha TPaB OJ TOTKPOBHU TPEOU W CEIH-
MEHTEH TIpaB, Oelle CIpOBEACH U MOHUTOPHUHT CO
KOpHCTEHE Ha MPUMEPOIH MmouBa. BakBuor mpu-
CTall KOH UCTIUTYBAamkETO Oellle HarpaBeH co Le Aa
ce YTBpAH JIaJIM MOCTOM 3arajyBam¢ Ha BO3AYXOT
Ol TIpaB KOj TO HOCAT BETPOBUTE OJ MOBPIIMHATA
Ha rmo4Bara. 3a Taa I1es 0ea coopanu 20 nmpuMepo-
A Ha To4YBa oJf moBpmUHCKHUOT cioj (TS). Ha wnc-
THTE JIOKAITWU TapayienHo 6ea cobpanu u 20 mpu-
MepoI Ha moYBa oj] anabounHckuoT cioj (BS).
[IpumepounTe Ha TOYBa O ANAOOYMHCKUOT CIIO]
Oea coOupaHu 3a Aa ce YTBpAHM Aajl MOCTOW aH-
TPOIIOTEHO 3arajyBame Ha MMOYBaTa WM JIAIHA BH-
COKHTE COAPXKMHU Ha EJEMEHTHTE ce JOJDKaT Ha
reojiorujara Ha 3emjurmrero. Bo curte 40 mpumepo-
1y Oeme onpeneHa coapKUHATa Ha 19 eneMeHT, U
toa: Al, As, Ba, Ca, Cr, Cu, Fe, Ga, K, Li, Mg,
Mn, Mo, Na, Ni, Pb, Sr, V u Zn. Kaj cute ucnury-
BaHHU €JICMCHTH HE C€ YTBPJCHH CUTHU(QUKAHTHH
Pa3IUKU TMOMery BPEIHOCTHTE 3a COAPIKMHATA Ha
€JIEMEHTHUTE BO MPUMEPOIUTE TIOYBa OJ1 TIOBPIINH-
CKHOT U AnaOuHCKHOT cioj. Enuncreeno kaj Cu ce
3a0enexyBa BHCOKA COAPXKMHA BO MOBPIIMHCKHOT
CJI0j Ha [oYBaTa BO IPUMEPOK YHja JIOKaLKja € He-
TTOCpenHo 10 pyaamdkaTa jamosuHa (MK 549 TS).

JloOueHnte BpEeTHOCTH 3a COMAp)KUHATA Ha
eJIEMEHTHUTE Oea CTATUCTUYKH 00pabOTeHH CO TIpH-
MEHa Ha OCHOBHA JCCKPHIITHBHA CTATHUCTHKa (Ta-
Oema 13). Bp3 ocHOBa Ha TECTOBHUTE 3a HOpMAJ-
HOCT U XHCTOIPaMHUTE Ha pacrpeeida Ha He3aBHC-
HUTE MPOMEHJIMBU (COAPKUHUTE HA EJICMEHTHUTE),
3a enementure Al, Fe, Ga, Na, V u Zn Oerie yTBp-
JICHa HOPMAJTHOCT BO pacmpejendara Ha I0JaTo-
nuTe. 3a CUTE IPYTH eIEMEHTH Oea KOPUCTCHH JI0-
rapUTMHUTE Ha BPEIHOCTHUTE 3a HOpMallM3alldja Ha
npoMenuBuTe. KoeuIMeHTHTe Ha Kopelalyja
Ha COJIP)KMHATA Ha €JICMEHTUTE CE MPETCTABCHH BO
MaTpulla Ha KOe(UIIMEHTH Ha Kopenanyja najacHa
BO TabOenata 14.

Co ¢akropHara aHanmuza AMCTpUOyLHjaTa €
HaMaJIcHAa Ha TPU CUHTCTUYKU IPOMCHIIMBH, CO
LITO CE MOKa)ka MOBP3aHOCT BO MOTJIEA Ha reoxe-
MHUCKH CIMYHOCTH Kou BKIydyBaat 90 % ox Bapu-
jabunmHocTa Ha o0paboTyBanuTe enemenT. Co da-
KTOpHATa aHaJii3a ce U3J[BOUja TpU PaKTOPHU TPY-
MY, OJHOCHO TPHU F'€OXEMHUCKH aCOLUjalliy Ha eJe-
MeHTuTe. BpenHocTute Ha omroBapyBame Ha (a-
KTOpHUTE Cce MpeTcTaBeHu BO Marpuua (tabena 15).
3a MyJITHBapvjaTHAa aHAM3a, CEIyM EJIEMEHTH
(Ag, As, Cu, Ga, K, V u Zn) ce eTMMUHUPAHA O
MTOHATaMOIITHA aHaJIN3a 3aT0a IITO UMaaT Majl yIel
BO KOMYHAJIHOCTa, HICKH BPEIHOCTH 32 ONTOBapY-
Bamke Ha (PakTOpPUTE W ciiabda TeHIeHIMja 3a (op-
Mupame HezaBuceH ¢akrtop. I[IpocTopure pacmope-
NIeJION Ha OTIpeIeTyBaHNTE eIEMEHTH BO TIOYBHUTE €
MpuKakaHa Ha KapTute 47—64.

8. MONITORING WITH SOIL SAMPLES

Monitoring with soil samples was conducted
in the study area, along with biomonitoring and
monitoring with attic dust. This approach to the
examination was made in order to determine
whether there is air pollution from dust which is
carried by winds from the soil surface. For this
purpose, 20 samples of soil from the surface layer
(top soil — TS) were collected. At the same loca-
tions simultaneously were also collected 20 sam-
ples of soil from the deep layer (bottom soil — BS).
Soil samples from the deep layer were collected to
determine whether there was anthropogenic pollu-
tion of soil or the high content of elements was due
to the geology of the land. In all 40 samples, the
content of 19 elements was analyzed: Al, As, Ba,
Ca, Cr, Cu, Li, Fe, Ga, K, Mg, Mn, Mo, Na, Ni,
Pb, Sr, V and Zn. No significant differences were
identified for all analyzed elements between con-
tents values for the elements in bottom soil sam-
ples and top soil samples. Only copper shows a
high content in the surface layer of soil in the sam-
ple whose location is adjacent to the ore tailings
(MK 549 TYS).

The values obtained for the contents of the
elements were statistically processed using basic
descriptive statistics (Table 13). Based on tests for
normality and distribution histograms for inde-
pendent variables (elements content); normality in
the distribution of data, was determined only for
the elements Al, Fe, Ga, Na, V and Zn. For all
other elements logarithms were used for the nor-
malization of the variables. Coefficients of correla-
tion for the contents of the elements are repre-
sented in the matrix of correlation coefficients
given in Table 14.

With the factor analysis the distribution was
reduced to three synthetic variables, which showed
linkage in terms of geochemical similarities, which
include 90% of the variability of analyzed ele-
ments. The factor analysis singled out three factor
groups, three geochemical associations of ele-
ments. The values of factor loadings are presented
in matrix (Table 15). For multivariate analysis,
seven elements (Ag, As, Cu, Ga, K, V and Zn)
have been eliminated for further analysis, because
they have low share in communality, low values of
factor loadings and low tendency to form an inde-
pendent factor. Spatial distributions of determined
elements in soil samples are shown in Maps 47-64.
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Tab6ena 13.Jeckpuititiugna citiaitiuciiuka Ha 8peOHOCIiUILLe 3a COOPIHCUHATIA HA elemenitiuilie 60 Upumepoyu tiousa (n = 40)
T able 13. Descriptive statistics for elements content values in soil samples (n = 40)

Unit  Dis X, Xy Md min max Pio Py K Sy cv A E
Al % N 2,1 1.8 1.8 0.59 5.3 0.77 3.8 1.2 0.18 54 0.79 0.06
As mg/kg log 23 8.8 12 0.50 160 0.50 44 34 54 150 -0.21 -1.61
Ba mg/kg log 280 220 250 27 980 73 480 200 31 70 —0.76 1.31
Ca % log 0.89 0.46 0.41 0.042 4.3 0.10 2.6 1.1 0.17 120 0.05 —0.81
Cr mg/kg Log 73 58 55 16 290 28 150 60 9.4 82 0.55 0.57
Cu mg/kg Log 59 28 23 9.3 1200 11 54 190 30 320 2.76 11.92
Fe % N 2.6 24 2.6 0.61 4.7 1.6 4.1 0.93 0.15 35 0.27 0.59
Ga mgkg N 12 12 13 7.2 20 10 15 24 038 19 0.28 1.25
K % N 1.1 0.93 0.88 0.32 23 0.50 1.8 0.56 0.089 53 0.03 —0.90
Li mgkg N 13 11 12 32 43 6.0 22 7.6 1.2 60 0.04 0.08
Mg % Log 0.76 0.63 0.71 0.19 2.6 0.23 1.2 0.52 0.082 68 -0.07 0.15
Mn mg/kg log 510 430 440 77 1800 220 820 330 53 65 —0.18 1.28
Na % N 1.4 1.2 1,3 0.36 2.9 0.64 2.2 0.62 0.10 46 0.82 0.71
Ni mg/kg log 36 28 27 11 190 13 63 36 56 99 1.21 2.45
Pb mg/kg log 30 23 23 1.0 130 9.0 65 26 4.2 87 -1.01 4.03
Sr mg/kg log 66 37 39 3.7 470 9.0 130 99 16 150 0.09 0.78
\% mg/kg log 73 53 59 0.35 170 23 150 48 7.6 66 0.74 —0.71
Zn mg/kg log 70 65 71 23 120 36 110 25 39 35 0.08 —0.69

n — 0poj Ha Mepema; Dis. — nuctpubynuja (log — lognormal; N — normal); X, — apuT™MeTHuKa cpeuna; X, — reoMeTprcKa cpeauna; Md — Meanjana; min — MUHUMYM; MaX — MaKCHMYM;
P\o— 10 nepuentunn; Pyy— 90 nepLueHTUIN; s — CTaHAApHA JeBHjallnja; s, — CTaHAap/iHa rpelika Ha cpeaHara speanoct; CV — xoedunuent Ha Bapujauuja (%); A — aCUMETPUYHOCT.

n —number of measurements; Dis. — distribution (log — lognormal; N — normal); X, — arithmetical mean; X, — geometrical mean ; Md — median;
min — minimum; max — maximum; P, — 10 percentile; Pyy — 90 percentile; s — standard deviation; s, — standard error deviation; CV — coefficient of variation; 4 — skewness; £ — kurtosis
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Tabena 14. Maitipuya na xoegpuyuenitiu Ha Koperayuja 6o ipumepoyuitie Ha iousa (n = 40)
Table 14. Matrix of correlation coefficients in soil samples (n = 40)

Al 1.00

As | 0.11 1.00

Ba | 0.11 -0.05 1.00

Ca | 070 023 023 1.00

Cr | 062 029 -0.06 046 1.00

Cu | 0.06 030 -0.06 0.07 0.33 1.00

Fe 0.71 029 033 056 078 0.16 1.00

Ga | 036 0.18 042 030 027 0.01 054 1.00

K 0.06 -0.05 0.57 0.06 -0.10 0.03 0.15 0.25 1.00

Li 0.23 0.07 033 -0.09 034 0.12 026 0.06 042 1.00

Mg | 068 0.13 047 058 061 0.18 078 042 0.17 026 1.00

Mn | 045 0.11 057 043 038 003 0.63 036 038 043 071 1.00

Na |-0.06 -0.12 -0.11 -0.01 -0.50 -037 -0.25 -0.12 -0.17 -0.41 -0.10 -0.32 1.00

Ni 0.56 028 020 048 080 031 059 027 021 061 055 052 -0.59 1.00

Pb |(-0.02 022 020 -0.05 0.12 026 -001 0.18 028 041 -0.01 026 -0.52 040 1.00

Sr 044 0.03 0.69 072 0.14 -0.10 039 034 024 007 066 057 0.14 035 0.01 1.00

\% 032 0.08 022 025 025 -0.14 045 0.02 0.17 025 034 033 020 024 -024 028 1.00

Zn | 032 034 040 020 043 0.17 058 044 039 050 045 047 -043 043 021 0.17 024 1.00
Al As Ba Ca Cr Cu Fe Ga K Li Mg Mn Na Ni Pb Sr A\ Zn
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Tabena 15 Maitipuya na oitittosapysarbe Ha QOMUHAHIHHUIE POTUPaHU (haritiopu
60 npumepoyuitie nousa (F > 0,60; n = 40)
Table 15. Matrix of dominant rotated factor loadings in soil samples (F > 0,60, n = 40)

Element F1 F2 F3 Com
Al 0.84 0.16 0.14 70.7
Ba —0.14 0.03 0.62 22.0
Ca 0.69 0.46 0.23 85.3
Cr 0.83 0.25 —0.30 88.9
Fe 0.89 0.13 —0.02 80.1
Li 0.16 0.81 0.06 81.5
Mg 0.92 0.10 0.04 83.4
Mn 0.57 0.66 0.15 79.1
Na —0.14 —-0.62 0.54 58.2
Ni 0.46 0.85 0.04 95.5
Pb 0.00 0.91 0.00 74.3
Sr 0.13 0.11 0.86 41.4
Var 343 27.9 13.3 75.5

F1, F2, F3 — ontoBapyBame Ha (akropu; Var — Bapujanua (%); Com — komyHanHoct (%)
F1, F2, F3 — factor loading; Var — variance (%); Com — communality (%)

8.1. 'eoxemucka acouujauuja
Al-Ca-Cr-Fe-Mg

®akrtop 1 (Al, Ca, Cr, Fe, Mg,) npercraByBa
reoXeMHUCKa acouyjayja Ha eJIeMEHTHUTE, OAHOCHO
TOj TIpeTCTaByBa reoreH ¢akrop. I[IpucycrBoro Ha
OBaa Ipyla eJIEeMEHTH € Pe3yJTaT Ha MPUPOAHUTE
nojaBu. HuBHaTa coapkuHa € NPOMEHINBA H
Haj4ecTO HE € IMMOBpP3aHa CO aHTPOIIOTEHO BJIHjaHUE
Bp3 HHMBHATa COJpXXHMHA BO OKOJMHATa. Bucokara
BpenHOCT Ha BapujaHuara (33,3 %) ce nomku Ha
HUBHATa BapujaOUIIHA COIPKUHA BO OKOJHMHATA.

8.2. 'eoxemucka acouujauuja
Li-Mn-Na-Ni-Pb

®akrop 2 (Li, Mn, Na, Ni, Pb) acouupa reo-
reau eixemMenTH. OBaa (pakTopHa rpyma € moBp3aHa
co nmutoreHe3ara. Huckara BpeHOCT Ha BapHjaH-
1aTa ce I0JDKU M Ha pellaTHBHATa yeIHAuYeHOCT Ha
nojgaronute 0e3 U3pa3eH! eKCTPEMHH BPEIHOCTH.

8.1. Geochemical association
Al-Ca-Cr-Fe-Mg

Factor 1 (Al, Ca, Cr, Fe, Mg) is a geochemi-
cal association of elements, i.e. it is geogenic fac-
tor. Their origin is the result of natural phenomena.
The contents of these elements are variable and
usually not related to any anthropogenic influence
of their content in the environment. The high value
for the variance (34.3 %) is due to their variable
content the environment.

8.2. Geochemical association
Li-Mn-Na-Ni-Pb

Factor 2 (Li, Mn, Na, Ni, Pb) associates geo-
genic elements. This factor group is associated
with lithogenesis. The low value of variance is due
to the relative data similarities without expressed
extreme values.
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8.3. I'eoxemucka acoumnjanuja Ba-Sr

[Ipupoanara acoumjanuja Ha Ba u Sr e objac-
Hera co dakrop 3 (tabema 15) koj mpercraByBa
Hajcnabo m3paseH mpupojaeH ¢akrop (13,3 % on
BKYIIHaTa BapHjaOMIIHOCT Ha MTOAATOLUTE.

[Tpn ucnuryBameTo Ha aTMOc(epcKara Aemo-
3WIMja HA TEHIKUTE METAJIM TOYBEHUTE PUMEPOLH
ce KOPUCTaT KaKo KOHTPOJIHU HMPUMEPOIH CO Ll
7a ce eMMMUHMpPA WM MOTBPAU IOYBaTa KaKo WH-
IUPEKTEH (akTop Ha 3aragyBame. TelmKuTe mMera-
JIM KOM C€ COIpIKaT BO MOYBATa OJ MOBPIIMHCKUOT
CII0j Ce HOCAT M PacIpOCTPaHyBaaT BO BO3LYXOT CO
oMo Ha BeTpoBuTe. Ha 0BOj HaumMH mouBaTta Mo-
XKe J1a ce jaBU Kako mocpeleH (HakTop Koj Mpuao-
HecyBa 3a 3araJyBameTo Ha aTMocdepara.

BJIATOJAPHOCT

ABTOpUTE My HM3pa3yBaaT royieMa oOiaromap-
HOCT Ha MUHUCTEPCTBOTO 32 >KUBOTHA CpPEAMHA U
MIPOCTOPHO TUTAHUPake U MUHUCTEPCTBOTO 3a 00-
pa3oBaHue U Hayka Ha PemyOsiuka MakemoHuja 3a
(MHAHCHCKAaTa TOJPINKA 32 MEYATSHETO HA OBOj
Artnac.

8.3. Geochemical association Ba-Sr

The natural association of Ba and Sr is ex-
plained by Factor 3 (Table 15) which represents
the least expressed natural factor (13.3% of the
total variability of the data).

During the study of the atmospheric deposi-
tion of heavy metals, soil samples were used as
control samples in order to eliminate or to confirm
soil as an indirect factor of pollution. High con-
tents of heavy metals contained in soil from the
surface layer are carried and spread in the air by
the winds. In this way the soil can occur as an indi-
rect factor that contributes to pollution of the at-
mosphere.
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ITPUJIOI" — APPENDIX

KaprTu Ha npocTopHa pacnpenesida
Ha eJIeMEHTHTe BO MOB, BO IIPAaB 0/ IOTKPOBHU IPelH M BO MOYBaTa
Maps of spatial distribution of the elements in moss, in attic dust and in soil
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Kapra 13. IIpocropHa pacnpe/enda Ha aTyMHHAYM BO MOB Kapra 14. TIpocropha pacnpesenba Ha apceH BO MOB
Map 13. Spatial distribution of aluminum in moss Map 14. Spatial distribution of arsenic in moss
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Kapra 15. IIpocropHa pacmpenenoa Ha Oapuym BO MOB
Map 15. Spatial distribution of barium in moss
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Kapra 16. [IpoctopHa pacmpenenda Ha KaalliyM BO MOB
Map 16. Spatial distribution of calcium in moss

N

A




Scale (km)

— —
a 1 2 3

N

A

Cd (mgl/kg)

029 0.34 041 049 0.55 0.65

Kapra 17. IIpocropHa pacnpezenba Ha KaJMHyM BO MOB
Map17. Spatial distribution of cadmium in moss
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Kapra 18. [IpoctropHa pacnpenenda Ha K06anT BO MOB
Map 18. Spatial distribution of cobalt in moss
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Kapra 19. [IpocTopna pacnpezenda Ha XpoM BO MOB
Map 19. Spatial distribution of chromium in moss
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Kapra 20. I[Ipocropna pacnpeznenda Ha 6akap BO MOB
Map 20. Spatial distribution of copper in moss
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Kapra 21. IIpocropHa pacmpenenda Ha KeJie30 BO MOB
Map 21. Spatial distribution of iron in moss
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Kapra 22. IIpocropHa pacrpeenda Ha KaluyM BO MOB
Map 22. Spatial distribution of potassium in moss
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Kapra 23 IIpocropha pacnpenenda Ha MaHI'aH BO MOB
Map 23. Spatial distribution of manganese in moss
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Kapra 24. TIpocropHa pacnpesenda Ha HATPUYM BO MOB
Map 24. Spatial distribution of sodium in moss
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Kapra 25. IIpocropna pacnpezesnba Ha HUKeJ BO MOB
Map 23. Spatial distribution of nickel in moss
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Kapra 26. IIpocropna pacmpezesba Ha 0JIOBO BO MOB
Map 24. Spatial distribution of lead in moss
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Kapra 27. IIpocropna pacnpeziesnba Ha CTPOHIILYM BO MOB
Map 27. Spatial distribution of strontium in moss
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Kapra 28. I[IpocropHa pacnpeenda Ha IUHK BO MOB
Map 28. Spatial distribution of zinc in moss
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Kapra 29. I[IpocropHa pacnpeenda Ha amyMHHAYM BO MPaB O] TOTKPOBHH IPEIH Kapra 30. IIpocropha pacnpe/enda Ha apceH BO MpaB 0] TOTKPOBHU TPe/H
Map 29. Spatial distribution of aluminum scores in attic dust Map 30. Spatial distribution of arsenic scores in attic dust
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Kapra 31. IIpoctopna pacnpeznenda Ha 6apuyM BO MPaB 011 HIOTKPOBHU TPEIH Kapra 32. IIpocTopna pacnpeznenda Ha KaJallmyMm BO IpaB O] IOTKPOBHU I'PEIU
Map 31. Spatial distribution of barium scores in attic dust Map 32. Spatial distribution of calcium scores in attic dust
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Kapra 33. IIpocropHa pacnpeenda Ha KaIMHyM BO MPaB O IOTKPOBHU Ipein Kapra 34. IIpocropha pacnpe/enbda Ha KOOaJiIT BO IpaB 0]l TIOTKPOBHH Ipein
Map 31. Spatial distribution of cadmium scores in attic dust Map 34. Spatial distribution of cobalt scores in attic dust
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Kapra 35. IIpocropha pacmpezenba Ha XpoM BO IIpaB OJ1 IIOTKPOBHU Ipeix Kapra 36. [IpocropHa pacnpenenba Ha 6akap BO mpaB 0J] MOTKPOBHH TPE/H
Map 35. Spatial distribution of chromium scores in attic dust Map 34. Spatial distribution of copper scores in attic dust
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Kapra 37. IIpocTopna pacmpezenda Ha xeJie30 BO TpaB O] MOTKPOBHU I'PEIU
Map 37. Spatial distribution of iron scores in attic dust

K (%)

0.78 0.82 0.86 0.9 0.96 1.0

Kapra 38. I[IpocTopHa pacnpenenda Ha KaluyM BO IpaB O] IOTKPOBHU IPEAH
|[Map 38. Spatial distribution of potassium scores in attic dust
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Kapra 39. IIpocTopna pacnpezaenda Ha TUTUYM BO MPaB OJ MOTKPOBHU IPeIu
Map 39. Spatial distribution of litium scores in attic dust
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Kapra 40. [IpoctopHa pacnpenenda Ha MarHe3MyM BO MPaB O] IOTKPOBHU TPEIU
Map 40. Spatial distribution of magnesium scores in attic dust

— 76—



Scale (km)
1 H

Scale (km)
4 1 2 3

N

A

N

A

Mn (mg/kg)
BT T T e
037 045 051 060 072 11 160 180 180 210 230 260
Kapra 41. IIpocropna pacrpeznenba Ha MaHraH BO IIpaB 01 HOTKPOBHU I'pein Kapra 42. I[Ipocropna pacnpenenba Ha HATPUYM BO ITpaB O IOTKPOBHU TPEAH
Map 39. Spatial distribution of manganese scores in attic dust Map 40. Spatial distribution of sodium scores in attic dust
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Kapra 44. TIpocropha pacrnpe/ienba Ha 0JIOBO BO MPaB OJ] MOTKPOBHU IPEIH

Kapra 43. Tlpoctopna pacripeiei6a Ha HUKEIN 5o NPaB O/ HOTKPOBHH Ipeiu Map 44. Spatial distribution of lead scores in attic dust

Map 43. Spatial distribution of nickel scores in attic dust
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Kapra 45. TIpocropHa pacnpezenba Ha CTPOHIIMYM BO IIPaB 0 HOTKPOBHH IPEIH
Map 45. Spatial distribution of strontium scores in attic dust
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Kapra 46. IIpocropna pacnpezesnba Ha HIUHK BO MPaB O OTKPOBHU IPEAN
Map 46. Spatial distribution of zinc scores in attic dust
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Kapra 47 [IpoctopHa pactpenenta Ha aTyMHIHIUYM BO [TOYBaTa
Map 47. Spatial distribution of aluminum in soil
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Kapra 48. I[IpocTopHa pacmpezenda Ha apceH BO oYBaTa
Map 48. Spatial distribution of arsenic in soil
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Kapra 49. [IpoctopHa pacnpenenda Ha OapuyM BO moyBara
Map 49. Spatial distribution of barium in soil
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Kapra 50. [IpoctopHa pacnpeenda Ha KaJliyM BO MOYBaTa
Map 50. Spatial distribution of calcium in soil
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Kapra 51. IIpocropna pacnpenenda Ha XpoM BO O4BaTa

Map 51. Spatial distribution of chromium in soil
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Kapra 52. IIpocropna pacrnpezesnba Ha Gakap BO moyBara
Map 52. Spatial distribution of copper in soil
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Kapra 53. IIpocropHa pacnpezenba Ha jKe1e30 BO [0YBaTa
Map 53. Spatial distribution of iron in soil
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Kapra 54. [IpocTopHa pacmpenenda Ha raliyM BO IMOYBaTa
Map 54. Spatial distribution of gallium in soil
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Kapra 55. IIpocTopra pacnpenenda Ha KaJiyM BO IOYBaTa
Map 55. Spatial distribution of potassium in soil
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Kapra 56. [IpocropHa pacnpesenba Ha JUTHYM BO T0OYBaTa
Map 56. Spatial distribution of lithium in soil
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Kapra 57. IIpocTopna pacnpenenda Ha MarHE3UyM BO ITOYBAaTa
Map 57. Spatial distribution of magnesium in soil
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Kapra 58. IIpocTopra pacnpenenda Ha MaHTaH BO IIOYBaTa
Map 58. Spatial distribution of manganese in soil
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Kapra 59. I[IpocropHa pacnpenenbda Ha HATPUYM BO IoyBara
Map 59. Spatial distribution of sodium in soil
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Kapra 60. [IpoctopHa pacnpeenda Ha HUKEN BO IOYBaTa
Map 60. Spatial distribution of nickel in soil
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Kapra 61. IIpocTopra pacmpeznenda Ha 0JIOBO BO ITOYBaTa
Map 61. Spatial distribution of lead in soil
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Kapra 62. I[Ipoctopna pacnpeznenda Ha CTpPOHIMYM BO ITOYBaTa
Map 62. Spatial distribution of strontium in soil
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Kapra 63. [IpoctopHa pacnpenenda Ha BaHaAnyM BO IT0YBaTa
Map 63. Spatial distribution of vanadium in soil
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Kapra 64. IIpoctopra pacnpenenda Ha IUHK BO OYBATa
Map 64. Spatial distribution of zinc in soil
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