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Bapannoscku JI. u ap. E18-2006-160
W3yueHne BO3AYIIHBIX 3arps3HeHHN B MakeIOHWHM ¢ TPUMEHEHHEM MeTofa MxoB-OmomonmTopoB, HAA, AAC u
I'MC-rexnomnoruii

BriepBrie MeTOr MXOB-OMOMOHHTOPOB OBLT TPUMEHEH K U3yUSHHIO BO3MYITHBIX 3arps3HeHni B Pecrybnnke Maxkeno-
HUM, B LeHTpe bamkaHnckoro momyoctpoBa. OOpasubl MxoB Hypnum cupressiforme, Campothecium lutescens n Ho-
molothecium sericium ObITH COOpaHBI B CeHTA0pe—okTA0pe 2002 I. B COOTBETCTBUH ¢ MTpaBuiIaMu EBponeiickoii mporpam-
MBI OTHOBpEMEHHOTO cbopa Mxa. CeTh mpobooTOopa BKIFOYaa B ce0s 73 IIIOMIAIKH, paBHOMEPHO pacIlpeeIeHHBIX Ha
Tepputopuu crpansl. B nienom 43 sanementa (Na, Mg, Al, C1, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr,
Zr, Mo, Ag, Cd, In, Sb, I, Cs, Ba, La, Ce, Sm, Eu, Tb, Hf, Ta, W, Au, Hg, Pb, Th u U) 06bu11 OnipeieICHbI C TOMOIILIO HH-
CTPYMEHTAIIBHOTO UTEILIOBOTO HEHTPOHHOTO aKTHBAIMOHHOTO aHAIM3a U TNITAMEHHOW aTOMHOM a0COPOIIMOHHOI CIIeK-
TPOMETPHUH B MIMPOKOoM rHTepBaje koHeHTpanuid — ot 10000 mr/kr Al u K u 0,001 MI/Kr HEKOTOPBIX PEIKO3EMEITBHBIX
3JIEMEHTOB. METO/I IIaBHBIX KOMITOHEHT ((paKTOPHBIN aHAIN3) UCIIOIB30BAJICS IS UACHTH(DHUKAIUN U XapaKTCPUCTHKH.
Bruto BRISIBNICHO IEBATH (PAKTOPOB pa3IHMUHBIX MICTOYHUKOB 3arpsi3HeHsL. [IponcxoxieHme Tpex (pakTopoB CBSI3aHO C AJIe-
MEHTaMH 36MHOM KOPbI, MOPCKAMHU U PACTUTEIBHBIMHE 31eMeHTaMU. OCTalIbHBIC OTPAYKAKOT AHTPOIIOICHHOE IPOUCXOXKIC-
HUC BBIMAICHUS Psijia CJACIOBBIX 3JICMECHTOB: UCPHAs U IIBETHAS METAJUTyprusi, HerenepepadbarsiBaroIias MpOMBINLICH-
HOCTB, IPOM3BOJCTBO YIOOPEHUH M CTAHIIUH IIEHTPATHHOTO OTOIUICHUS. UeThIpe 00aCTH UCTIBITHIBAIOT SKOJIOTHUCCKUI
crpecc: Benec, Cxonbe, TetoBo u KaBagapiiu, B TO BpeMs Kak CeIbCKOX03HCTBEHHBIH 0T, FOT0-3a11a]l U I0ro-BOCTOK Xa-
PAKTEPU3YIOTCS CPEAHCCBPOTNICUCKUMH 3HAYCHUSAMHE [T OOJIBITHHCTBA TSHKCIIBIX METAUIOB U APYTHX 3JICMEHTOB-3arPsi3-
auteneit. Texaomorun ['UC (reorpadudeckas HHPOPMAITMOHHAS CHCTEMa) MCIIONB30BAIIUCH IS MTOCTPOCHUS YepHO-0e-
JIBIX KapT pacrpe/esicHui 3HadeHnil hakropos (factor scores) U MBETHBIX KOHTYPHBIX KapT PaCIpEICICHUI HEKOTOPhIX
3JIEMEHTOB, COOTBETCTBYIOIIMX 3TUM (DaKTOpaM Ha MCCIICIOBAHHON TEPPUTOPHUH.

Pabora Brimonnena B Jlaboparopun HelitponHol ¢puzuku uM. M. M. @panka O u B Yausepcurere um. Cs. Ku-
puia u Medonus B Crombe.
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Barandovski L. et al. E18-2006-160
Air Pollution Studies in Macedonia Using the Moss Biomonitoring Technique, NAA, AAS and GIS Technology

For the first time the moss biomonitoring technique was applied to air pollution studies in the Republic of Macedonia,
in the central part of the Balkan Peninsula. Samples of the terrestrial mosses Hypnum cupressiforme, Campothecium
lutescens, and Homolothecium sericium were collected in September—October 2002 in accordance with the sampling strat-
egy of the European moss survey programme. The sampling network included 73 sites evenly distributed over the territory
of the country. A total of 43 elements (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Zr,
Mo, Ag, Cd, In, Sb, I, Cs, Ba, La, Ce, Sm, Eu, Tb, Hf, Ta, W, Au, Hg, Pb, Th, and U) were determined by instrumental epi-
thermal neutron activation analysis and flame atomic absorption spectrometry in the large-scale concentration range —
from 10.000 mg/kg for Al and K to 0.001 mg/kg for some rare earths. Principal component factor analysis was used to iden-
tify and characterize different pollution sources and to point out the most polluted areas. Nine factors were identified. The
interpretation of the factor analysis findings points to natural crustal, marine, and vegetation components. Other factors re-
flect anthropogenic origin of trace element deposition in the Macedonian moss samples: ferrous and non-ferrous industries,
oil refining, fertilizer production and central heating stations. Four areas are experiencing environmental stress: Veles,
Skopje, Tetovo and Kavadarci-Negotino, whereas the predominantly agricultural regions in the south, south-west and
south-east show median European values for most of heavy metals and other element-pollutants. GIS technology (geo-
graphic information system) is used for constructing black-and-white maps based on factor scores along with coloured
maps of the distribution of some relevant elements for these factors over the investigated territory.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR, and at Sts. Cyril and
Methodius University, POB 162, 1000 Skopje.
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INTRODUCTION

The use of mosses as biomonitors was introduced in
Scandinavian countries more than three decades ago,
and it is presently widely accepted as a method to assess
the atmospheric deposition of metals [1, 2]. Mosses have
only a rudimentary root system and readily take up ele-
ments from the atmosphere. The advantage of the
method is in the simplicity of sample collection, although
the determination of the species needs an experienced
hand. Data from existing surveys of heavy metal concen-
trations in mosses are an invaluable resource for interna-
tional negotiations on heavy metal pollution. Results
from moss surveys allow examination of both spatial and
temporal trends in heavy metal concentration/deposition,
and identification of areas where there is high deposition
of heavy metals from long-range transport and local
sources.

The Task Force on Heavy Metals was established by
the United Nations Economic Commission for Europe
Convention on Long-Range Transboundary Air Pollu-
tion (UNECE — CLRTAP) as a response to the concern
over the accumulation of heavy metals in ecosystems,
and their impacts on the environment and human health.
The heavy metals moss project is coordinated by the Co-
ordination Centre of the International Cooperative Pro-
gramme on Effects of Air Pollution on Natural Vegeta-
tion and Crops (ICP Vegetation) [3].

In the Republic of Macedonia the first systematic
study of atmospheric pollution from heavy metals and

other toxic elements based on moss analysis was under-
taken in the framework of Macedonian—Russian collabo-
ration in order to assess the general situation regarding
heavy metal pollution and to jointly report these results
to the European Atlas of Heavy Metal Atmospheric De-
position issued by UNECE ICP Vegetation [3, 4].

The presence of heavy metals in air within the Mace-
donian territory had been previously studied only for
some particular locations such as the towns of Veles and
Skopje, using atomic absorption spectrometry (AAS) for
determination of a limited number of elements [5-9]. In
2002 moss samples were collected over the entire territo-
ry of Macedonia and subsequently analyzed by multi-
element instrumental epithermal neutron activation
analysis, previously successfully used by the authors in
similar studies in Russia [10-12] and in some Balkan
countries: Romania [13, 14], Bulgaria [15], Northern
Serbia and Bosnia [16]. The primary task of the present
study was to reveal unknown pollution sources and to de-
pict the geographical deposition patterns in the areas af-
fected by anthropogenic impact of heavy metals.

In addition, the results obtained might be useful for
elucidating different endemic health problems existing in
the Balkans, such as Balkan endemic nephropathy, en-
demic arsenosis, and diseases caused by iron and sele-
nium deficiency, which are hypothetically connected
with the environmental contamination with toxic sub-
stances [17].



Although the most obvious reason for this kind
of study concerns human health problems and envi-
ronmental problems from air pollution, a possible

economic impact of the pollution is also an important
issue, having in mind that Macedonia is an exporter of
food products.
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Fig. 1. Study area — Republic of Macedonia
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Fig. 2. Sampling network in Macedonia



STUDY AREA

The Republic of Macedonia, located in the central
part of the Balkan Peninsula (Fig. 1), is a landlocked
country with an area of 25.713 km” and approximately
50% of the territory in mountainous regions. The climate
is continental in the north and Mediterranean in the
south. The population of the country is around 2 million
people, of which about 60% live in urban areas. The ma-
jor urban areas are Skopje, Bitola, Tetovo, Kumanovo,

Veles, Prilep, Stip, Ohrid, Strumica, and Gostivar. The
largest industries (by value of annual output) are coal
production, metal production (chromium in the recent
past, lead, zinc, steel, ferronickel, and ferrosilicon), and
textiles. Industry and mining constitute 35% of the gross
national income [18].

The sampling network with numbered sampling
sites is shown in Fig. 2.

EXPERIMENTAL

Sampling. Samples of the three moss species Hyp-
num cupressiforme, Campothecium lutescens and Ho-
molothecium sericium (Fig. 3) were collected at 73 loca-
lities evenly distributed over the country during the pe-
riod September—October, 2002.

The sampling was carried out in accordance with the
strategy of the European moss survey programme [1].
Samples were collected at least 300 m from main roads,
at least 100 m from local roads and at least 200 m from
villages, in forest glades or on open heath to reduce
through-fall effects from the forest canopy. In order to
make the moss samples representative for a reasonably
large area, each sample was composed of five to ten sub-
samples collected within an area of 50 X 50 m. Collected
material was stored in paper bags. A separate set of dis-

posable polyethylene gloves was used for collection of
each sample. Hypnum cupressiforme — both epigeic and
epiphytic — was the dominant moss type (80% of all col-
lected samples). Interspecies comparison (possible in a
limited number of cases) did not reveal great difference
in the elemental concentrations. It was mostly within the
error estimations.

Analysis. NAA. Neutron activation analysis (NAA)
was performed at the pulsed fast reactor IBR-2 in the
Frank Laboratory of Neutron Physics, Dubna, Russia.

In the laboratory the samples were cleaned from ex-
traneous plant material and air-dried to constant weight
at 30—40°C for 48 h. The samples were neither washed
nor homogenised. Green-brown moss shoots represent-

Fig. 3. Moss species used in the present study: a) Hypnum cupressiforme; by Campothecium lutescens; c¢) Homolothecium sericium

Table 1. Flux parameters of irradiation positions [20]

o . (0NN -1012, em 257!
Irradiation position

Dy -1012, em 257! (0NN '1012, em 257!

(E=0+055¢eV) (E =055+10° V) (E=10°+25-10°cV)
Chl1 (Cd-screened) 0.023 33 4.2
Ch2 1.23 2.9 4.1




ing the last three years’ growth were subjected to analy-
sis, as they correspond approximately to the deposition
over the last three years. Previous experience from the
use of NAA in moss biomonitoring has shown that sam-
ples of 0.3 g are sufficiently large to be used without ho-
mogenization [19]. The samples were pelletized before
irradiation using simple press-forms. For short irradia-

Table 2. List of selected peak energies for NAA
and method of analysis

Element Isotope Half life pfjlilj II?::V I\;Isgll;i;f
Na 2*Na 14.7h 2753.6 3
Mg Mg 9.5m 1014.1 2
Al Al 22m 1778.9 1
cl 38l 37.2m 2168.8 2
K 2K 124h 1524.7 3
Ca Yca 8.7m 3084.4 2
Sc 43¢ 83.8d 889.2 4
Ti Sy 5.8m 320.1 1
\% 2y 3.8m 1434.1 1
Cr Sler 27.7d 320.1 4
Mn S*Mn 2.6h 1810.7 2
Fe e 445d 1099.2 4
Co co 53y 1173.1 4
Ni 8Co 70.9 d 810.8 4
Zn %7n 244.0d 1116.0 4
As ToAs 263h 559.1 3
Se Se 119.8 d 264.7 4
Br 82y 353h 776.5 3
Rb 8Rb 18.7d 1076.6 4
Sr 88r 64.8 d 514.0 4
Mo PMo 66.0 h 140.5 3
Ag 10mp o 249.8d 657.7 4
cd 5¢cq 53.5h 527.7 3
In 15mpy 45h 336.2 3
Sb 124gp, 60.2 d 1691.0 4

I 1281 25.0m 442.9 2
Cs 34cs 2.1y 795.8 4
Ba Biga 11.8d 496.8 4
La 14012 402 h 1596.5 3
Ce 4 e 32.5d 145.4 4
Eu 12py 133y 1407.5 4
Tb 1607y, 723d 879.4 4
Hf Blge 42.4d 482.0 4
Ta 18215 114.4d 1221.4 4
w 187w 239h 685.8 3
Au 198 Au 2.7d 4118 3
Th 233py 27.0d 312.0 4
U 29Np 244d 228.2 3

*Method 1: conventional NAA, measured after 2—-3 min of decay;
Method 2: conventional NAA, measured after 9—10 min of decay;
Method 3: epithermal NAA, measured after 4-5 d of decay;
Method 4: epithermal NAA, measured after 2023 d of decay.

tion unwashed samples of about 0.3 g were heat-sealed in
polyethylene bags. For long irradiation samples of the
similar weight (about 0.3 g) were packed in aluminium
cups. Characteristics of neutron flux density in the chan-
nels equipped with the pneumatic system are given in
Table 1.

To determine short-lived isotopes the samples were
irradiated for 3 min. After irradiation two gamma-spec-
trometric measurements were performed; the first one for
5 min after 2-3 min of decay, and the second one for
20 min after 9—10 min of decay.

Long-lived isotopes were determined after irradia-
tion for 100 h in the cadmium-screened channel 1. After
irradiation samples were repacked into clean containers
and measured after 4-5 and 20-23 d for 45 min and for
3 h, respectively. Gamma-spectra were registered as de-
scribed elsewhere [21].

Table 2 lists selected peak energies for NAA and
method of analysis. The gamma-spectra of the induced
activity were analyzed using software developed in the
Frank Laboratory of Neutron Physics [22].

AAS. The environmentally important element lead
cannot be determined by INAA, and mercury Hg is diffi-
cult at low concentration levels. These elements were

Table 3. Optimal instrumental parameters
for lead determination by ZETAAS

Wavelength, nm 283.3
Slit width, nm 0.5
Lamp current, mA 10
Calibration mode Absorbance, peak area
Correction Zeeman
Gas Argon
Drying
Temperature, °C 120
Ramp time, s 45
Hold time, s 10
Pyrolysis
Temperature, °C 400
Ramp time, s 5
Hold time, s 15
Atomization
Temperature, °C 2100
Ramp time, s 0
Hold time, s 2
Internal gas flow, mL-min" 0
Cleaning
Temperature, °C 2500
Ramp time, s 1
Hold time, s 2




therefore determined by atomic absorption spectrometry
(AAS) at the Sts. Cyril and Methodius University,
Scopje, Macedonia.

Moss samples (0.5 g) were placed in a Teflon diges-
tion vessels, 5 mL concentrated nitric acid and 2 mL
H,0, (30%, m/V) were added, and the vessels were
capped closed, tightened and placed in the rotor of the
microwave digestion system Milestone, Ethos Touch
Control. The digestion was carried out with the follow-
ing digestion program: (1) temperature 180°C, 5 min
ramp time, 500 W and 20 bar; (2) temperature 180°C, 5
min hold time, 500 W and 20 bar. Finally, the vessels
were cooled, carefully opened, and digests were quanti-
tatively transferred to 10 mL calibrated flasks.

Copper was determined by frame AAS (Thermo So-
laar S4), whereas lead was determined by Zeeman elec-
trothermal AAS (Varian SpectrAA 640 Z) applying py-
rolysis and atomizing temperatures of 400 and 2000°C,
respectively. Mercury was determined by cold vapour
AAS using a continuous flow vapour generation acces-
sory (VGA-76, Varian) connected to an atomic absorp-
tion spectrometer (SpectrAA 55B, Varian). The reaction
medium used was a mixture of HCI and NaBH ,.

Optimal instrumental conditions for lead and mer-
cury determination are given in Tables 3 and 4.

Quality control. The QC of NAA results was en-
sured by simultaneous analysis of the examined samples
and reference materials (RM) Lichen 336 IAEA (Interna-
tional Atomic Energy Agency) and NORD DK-1 (moss
reference sample prepared for intercomparison in 1990
[23]). The NAA data and certified values of reference
materials are given in Table 5. The QC of AAS determi-
nations was based on the standard addition method and it
was found that the recovery of the investigated elements
ranged between 98.5 and 101.2%. Beside standard addi-
tion method, blanks parallel to the decomposition of

Table 4. Optimal instrumental parameters
for mercury determination by CV-AAS

Instrument mode Absorbance
Calibration mode Concentration
Measurement mode Integration
Wavelength, nm 253.7
Slit width, nm 0.5
Integration time, s 3
Delay time, s 40
Replicates 3
Sample flow rate, mL-min~! 7
Reaction media HCl-NaBH,
HCI flow rate, mL-min~! 1
NaBH4 flow rate, mL-min " 1

samples and preparation of sample solutions for analysis
were analyzed. The loss of Hg was checked by standard
additions. The same sample was decomposed with and
without addition of Hg. The added content of Hg was re-
covered in the solution obtained after microwave diges-
tion.

Mapping. The program GRINVEIW from the geo-
graphical information system software package GIS-
INTEGRO with raster and vector graphics was used to
generate raster-based pollution contour maps for the ele-
ments of interest for the entire study area. The system is
supplied with interfaces for all international standard
GIS: ARC-info, MAP-info, etc.

RESULTS AND DISCUSSION

Median values and ranges for the elements studied
are presented in Table 6, along with the corresponding
data from similar studies in the neighbouring Balkan
countries. For comparison with a pristine territory the
corresponding data for northern Norway [24] are shown
in the right-hand column. The Norwegian values are
from ICP-MS analysis and are based on nitric-acid solu-
tions, possibly leaving out fractions of the elements in
moss samples contained in silicate minerals (attached
soil particles).

Taking the values of the data in Table 6 one can
range countries according to the median values for each
element. This presents a generally favourable picture for
Macedonia in comparison with the other three Balkan

countries. Macedonia is characterized with the highest
median for four elements: K, Ti, Cu, and In (data for In
and Ti are not available for all of the countries). It has the
second highest median for Cr, Sr, Cd, Eu, W, Au and Hg
(data for Cd and Eu are not complete) and the third
highest median for Mg, Sc, Fe, Co, Ba, Ce, Ta, Pb, Th,
and U (data for Ce and Pb are not complete). Lowest me-
dian for the Macedonian data is observed for Na, Al, Cl,
Ca, V, Mn, Ni, Zn, As, Se, Br, Rb, Mo, Ag, Cd, Sb, I, Cs,
La, Ce, Tb, and Hf (data for Ag are incomplete). There
are no available data for comparisons for mercury.

In comparison with Norway, Macedonia has the
lower median only for Mn and a very close value for Hg.
For the «marine» elements (halogens) the Norwegian



Table 5. NAA data and certified values of reference materials, mg/kg

Element DK-.I DK-I Lichen-336 Liche.n-336
(determined) (certified) (determined) (certified)

Na 303 £25 315+31 304 +£26 320+ 40

Mg 850+ 150 910+ 91 - -

Al 830 + 84 810+ 81 720 + 65 680 + 109

Cl 328 +£35 328 £33 1927 + 288 1900 + 304

K 3350 + 165 3300 + 297 1910 + 90 1840 +202

Ca 1604 £ 180 1630 + 40 - -

Sc 0.16 £0.02 0.16 =£0.02 0.176 £0.014 0.17+0.20

\% 4.12+0.31 3.8+0.3 1.38 £0.19 1.47+0.22

Cr 1.94+0.15 1.7£04 1.10£0.17 1.06 £0.17

Mn 143 £ 10 120+ 10 69 +£5.1 63+7

Fe 575+ 53 550 +50 430+ 8.5 430+ 51

Co 0.26 £0.01 0.23 £0.01 0.303 +0.070 0.29 £0.05

Ni 1.58 +0.33 1.8+0.2 - -

Cu 87+2.5 85+5 3.7+0.5 3.6+0.5

Zn 30.8+4.0 29+2 282+23 304+33

As 0.64 +0.02 0.64+0.02 0.54+0.71 0.63 +£0.08

Se 0.43 £0.04 0.43 £0.04 0.22 +0.033 0.22 +£0.04

Br 13.5+0.94 128+ 1.0 142+23 129+1.6

Rb 12.9+0.86 12.6 0.9 1.7+0.17 1.76 £0.22

Sr 15.1£3.0 10+ 0.1 11.4+0.55 93+1.1

Zr 11.0+£1.2 11+1.2 - -

Mo 0.21 £0.02 0.2 +0.02 - -

Ag 0.05 +0.004 0.05 £ 0.004 - -

Cd 0.3+0.11 0.3+0.02 0.13£0.015 0.117 £ 0.0006

Sb 0.347 +£0.02 0.347 £0.02 0.078 £0.01 0.073 + 0.0067

I 3.8+0.07 3.8+03 - -

Cs 0.285 +0.02 0.30+0.02 0.12+£0.024 0.110£0.013

Ba 12.5+0.12 12+£2 6.6+0.7 64+1.1

La 1.22+£0.34 1.22 £0.1 0.70 £ 0.06 0.66+0.10

Ce 2.92+0.53 2.92+£0.22 1.3£0.25 1.28+0.17

Sm 0.231+0.05 0.231+0.01 0.106 = 0.06 0.106 £0.014

Eu 0.042 +0.01 0.042 +0.01 0.021 +0.003 0.023 +0.003

Tb 0.0218 +0.01 0.0216 = 0.002 0.015£0.002 0.014 +0.002

Hf 0.21 £0.06 0.21 +0.009 - -

Ta 0.026 = 0.005 0.026 +0.0036 - -

w 0.73+£0.11 0.73 £0.21 - —

Au 0.00074 £ 0.0014 | 0.00074 £ 0.00004 - -

Th 0.16 £0.08 0.15+£0.0011 0.14+£0.01 0.14+£0.02

U 0.192 +0.02 0.192£0.015 - -

values are equal to or higher than the other data, as might
be expected because of the stronger marine influ-
ence [25].

For elements where the local micro-environment is
known to be a more dominant source to the moss than at-
mospheric deposition (Mg, Ca, Mn, Rb, Sr, Cs, Ba, partly
Zn) the Norwegian data are of the same order of magni-
tude as the Balkan values. For typical air pollution ele-
ments (V, Cr, As, Ag, Cd, Sb, Pb) the Norwegian data are

orders of magnitude lower. The Norwegian data are also
much lower for elements that we previously have nor-
mally ascribed mainly to geogenic factors associated
with soil particles (Sc, Ti, Fe, REE, Th, U). In this case,
obviously the fact that INAA determines the whole con-
tent could be one reason for the large difference.

Similar comparison with the data from the European
Moss Atlas [4] appears to be less favourable. Examples
of an approximate ordering of the atmospheric environ-



Table 6. Comparison of the results obtained in the present study with other Balkan countries and Norway, mg/kg

Macedonia Northern Serbia [16] Rlomar?ia Bulgaria Norway
(present work) (Transilvania) [13] (West and South) [15] [24]

Sﬁgfes 7 92 70 103 100

Element | Median Range Median Range Median Range Median Range Median Range
Na 419 118-8673 694 178-2440 902 1924330 523 155-5573 - -
Mg 2377 674-7421 2780 1100-8130 2850 480-6840 2026 748-12500 1730 940-2370
Al 3736 825-17600 6800 1280-22090 5545 830-23000 3843 1111-46350 200 67-820
Cl 149 43-693 256 105-1030 370 160-1300 161 59-1180 - -
K 8615 2861-18190 5090 2710-11750 7770 4770-19980 5764 3274-20490 - -
Ca 5593 1207-23640 7720 2890-18120 5770 1250-23500 7283 2266-19650 2820 1680-5490
Sc 0.81 0.12-6.79 1.31 0.27-4.13 0.94 0.21-6.13 0.65 0.2-6.4 0.052 0.009-0.220
Ti 163 12-1365 71 11-297 — - - — 23.5 12.4-66.4
A% 6.9 1.79-43 11 2.85-39 8.7 1.95-32 8.4 2.2-112.6 0.92 0.39-5.1
Cr 7.47 2.33-122 6.51 1.14-22 13.8 2.72-51.9 32 0.5-26.9 0.55 0.104.2
Mn 186 37-1475 217 30-2340 265 27-1470 251 32-986 256 22-750
Fe 2458 424-17380 3110 720-9230 3290 815-21340 2314 692-14700 209 77-1370
Co 1.09 0.24-13.6 8.24 1.42-39 1.41 0.32-7.0 1.08 0.23-10.6 0.202 0.065-0.654
Ni 2.4 0.09-24 6.73 1.96-26 5.4 0.6-32 4.1 0.5-18.6 1.14 0.12-6.6
Cu 22 3-83 16.9 6.31-3140 21.5 2.21-2420 14.5 5.34-1860 3.6 2.1-92
Zn 39 14-203 44 14415 135 39-2950 41 19-379 26.5 7.9-173
As 0.80 0.12-8.0 3.35 0.46-61 2.2 0.59-45.1 1 0.3-59.0 0.093 0.020-0.505
Se 0.18 0.013-0.61 0.39 0.046-10 0.36 0.08-5.01 0.24 0.01-1.18 0.33 0.05-1.30
Br 2.16 0.06-7.7 5.75 1.83-18 8.6 2.03-20.9 3.6 1.1-11.6 4.5 1.4-20.3
Rb 10.9 5-47 13 3-47 15.0 5.8-135 12 3.0-69 7.7 1.3-51.5
Sr 31 11.8-136 22 6.8-95 37.4 1.8-290 25 7-106 15.8 3.6-43.3
Zr 15 2-142 - - 40 5-797 - - 0.50 0.25-1.34
Mo 0.19 0.03-1.12 0.85 0.12-23 0.65 0.13-10 0.99 0.16-3.36 0.135 0.065-0.70
Ag 0.040 0.007-0.20 0.078 0.012-1.5 0.13 0.03-4.54 - - 0.014 [ <0.003-0.035
Cd 0.16 0.016-2.95 <0.4 <0.4-6.5 - - - - 0.058 0.025-0.171
In 0.043 0.0032-0.16 0.025 0.0036-0.34 - - - - - -
Sb 0.2 0.039-1.4 0.52 0.13-7 0.88 0.16-51 0.23 0.07-20.2 0.033 0.004-0.240
1 1.18 0.36-2.8 2.09 0.874 2.17 0.76-5.55 1.4 0.6-4.4 2.5 0.6-41.7
Cs 0.39 0.097-1.7 0.76 0.11-18.2 0.51 0.12-3.4 0.40 0.10-2.96 0.072 0.016-0.88
Ba 54 14-256 39 13-130 101 20-658 68 17-517 17.1 5.6-50.5
La 2.32 0.50-22 4.66 1.09-13 2.4 0.4-15.2 2.9 0.8-23.7 0.189 0.045-2.56
Ce 5.60 0.83-42 9.2 1.84-28 6.1 0.9-42.5 - - 0.342 0.095-4.61
Sm 0.46 0.07-3.4 - - 0.59 0.01-2.51 0.62 0.07-2.86 0.33 0.05-1.34
Eu 0.110 0.03-0.48 0.08 0.02-0.48 - - - - 0.017 0.008-0.061
Tb 0.06 0.01-0.56 0.11 0.02-0.36 0.07 0.01-0.42 0.068 0.016-0.610 0.003 | <0.002-0.030
Hf 0.26 0.05-3.8 0.78 0.15-2.6 0.56 0.12-4.66 0.46 0.11-4.78 - -
Ta 0.09 0.013-0.79 0.11 0.024-0.29 0.10 0.01-0.66 0.076 0.018-0.563 0.01 <0.01-0.07
w 1.21 0.25-3.9 1.34 0.19-3.3 1.02 0.12-8.74 0.193 0.03-1.39 0.127 0.009-1.23
Au 0.0061 0.001-0.034 0.0041 |0.00029-0.087 0.025 0.003-0.114 0.0042 |0.0009-0.0465 - -
Hg* 0.056 0.018-0.264 — - - - - - 0.046 0.026-0.166
Pb* 6.0 1.5-37.2 - - 14.3 6.45-31.5 18.9 4.55-887 1.17 0.64-6.12
Th 0.67 0.12-7.6 0.82 0.18-2.4 0.81 0.21-4.16 0.56 0.11-4.53 0.033 0.004-0.240
U 0.21 0.03-1.45 0.32 0.08-1.03 0.28 0.04-1.36 0.20 0.03-1.87 0.015 0.001-0.138

*Determined by AAS.

ment of Macedonia relative to other countries for Cu, Fe, (present data) whereas the maximum value for copper
Cr, As, V, and Zn are given in Fig. 4 (a—f). Among 29

sets of data, Macedonia has the highest median for Cu

(3140 mg/kg) was determined for the copper basin in
Bor, in neighboring Serbia. The worse pollution in Mace-
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Fig. 4. Range of median values for selected elements in moss according to moss surveys in different European countries [4]. Data for Turkey

(Thrace Region) are taken from [26]

been employed. It should be pointed out that for such

donia comes from a previous chromium production fa-
cility and related dump site northwest of Skopje.

elements as Hg, Ni, and Pb, the number of countries with
lower/higher median than the Macedonian is as follows:

A distinct outcome of this comparison is in the fact
that all Balkan countries show considerably higher con-

Hg (12 8 8); Ni (18 8 2); Pb (16 9 3). (The last number

the

of countries for which

the number
corresponding data are unavailable).

gives

centrations of the above elements in moss than in other

sampled European countries where moss sampling has



Factor 1 Factor 2 Factor 3

69 69 69
65 65 65
61 61 61
57 57 57
53 53 53
49 49 49
45 45 45
41 41 41
37 37 37
33 33 33
29 29 29
25 25 25
21 21 21
17 17 17
13 13 13
9 9 9
5 5 5
1 1 1

~1.00 1.00 3.00 500 7.00 -2.00 000 200 400 600 —4.00-2.000.00 2.00 4.00 6.00

Factor 4 Factor 5 Factor 6
73 71 73
69 69
65 66 65
61 61 61
57 56 57
53 51 53
49 49
45 46 45
41 41 41
37 36 37
33 31 33
29 29
25 26 25
21 21 21
17 16 17
13 11 13
9 9
5 6 5
1 : ‘ 1 : : ‘ 1
-2.00 0.00 2.00 4.00 -3.00 -1.00 1.00 3.00 5.00 -2.00-1.000.00 1.00 2.00 3.00 4.00
Factor 7 Factor 8 Factor 9
71 71 ZS
66 66 65
61 61 61
56 56 57
53
51
> 49
46 46 45
41 41 41
36 36 37
33
31 31 29
26 26 25
21 21 21
16 16 1;
1
11 11 9
6 6 5
1 1 1

200  0.00 2.00 400 400 —200 000 200 400 —4.00-2.00 0.00 2.00 4.00 6.00

Fig. 5. Plots of factor scores for moss samples from Macedonia

This simple comparison is obvious evidence that the Principal component analysis (factor analysis) was
East and the West of Europe differ greatly by the level of used to identify and characterise different pollution
contaminants in the atmospheric deposition. High levels sources and to point out the most polluted areas. The re-
of Cu, Cr, V and Zn in Belgian moss are explained by sults of factor analysis are given in Table 7. Factor scores
smelter emissions in this industrialized country. representing the contributions of individual sampling

sites to the relevant factor are given in Fig. 5.



Table 7. Factor analysis of NAA and AAS data on moss samples from Macedonia

Rotated Matrix Component

Factor 1 2 3 4 5 6 7 8 9

(yg;f;fcpel 43.1 11.4 5.6 48 43 3.7 3.1 27 24

Na 0.79 0.01 -0.08 0.13 0.35 0.00 -0.18 0.16 -0.13
Mg 0.46 0.25 0.07 0.71 0.05 0.07 0.20 0.15 0.03
Al 0.69 0.04 0.05 0.63 0.07 0.07 0.12 0.08 0.05
cl -0.05 0.09 ~0.08 -0.05 0.07 0.79 0.05 0.03 -0.03
K 0.38 0.12 0.01 ~0.05 0.10 027 -0.30 0.65 ~0.07
Ca 0.04 0.10 0.02 0.07 0.09 0.01 0.89 -0.03 -0.02
Sc 0.60 0.17 0.15 0.48 0.50 0.01 ~0.01 -0.16 ~0.11
Ti 0.64 0.03 0.02 0.69 0.05 0.02 0.00 0.10 0.08
\4 041 0.13 0.08 0.80 0.24 0.03 0.06 -0.10 0.00
Cr 0.16 031 0.14 0.15 0.72 0.04 0.15 0.13 0.15
Mn 0.19 ~0.03 0.32 0.36 018 0.63 0.1 0.12 ~0.04
Fe 0.69 0.19 0.08 043 0.47 0.04 0.00 -0.05 ~0.06
Co 0.53 0.16 -0.03 0.37 0.42 0.34 0.09 0.14 -0.10
Ni 0.15 0.57 ~0.08 0.29 0.43 0.05 0.27 031 0.00
Cu 0.41 0.02 0.25 0.56 ~0.18 0.19 -0.08 0.16 0.22
Zn 0.17 0.88 0.02 0.13 0.24 0.09 0.00 0.18 0.07
As 0.55 021 0.58 0.03 0.29 0.03 0.11 0.08 0.08
Se 0.22 0.52 0.34 0.06 0.33 0.09 0.02 -0.07 0.15
Br 0.36 0.01 0.42 0.22 0.10 0.34 0.23 -0.20 0.32
Rb 0.87 0.07 0.08 0.15 0.02 0.20 0.04 0.25 0.04
Sr 0.34 0.19 0.03 0.28 0.05 -0.29 0.27 0.56 -0.05
Zr 0.90 0.13 0.28 0.08 0.09 0.00 -0.05 -0.10 -0.07
Mo 0.31 ~0.05 0.65 0.19 0.08 0.06 0.07 0.27 0.11

Ag -0.01 0.44 ~0.01 031 ~0.03 ~0.25 -0.05 0.16 0.45
cd 0.03 0.94 -0.09 -0.10 0.02 -0.01 -0.04 0.06 0.03

In ~0.07 0.69 0.15 0.16 0.22 0.18 0.06 0.08 0.07
Sb 0.21 0.89 0.11 0.08 0.16 ~0.06 0.10 ~0.04 0.09
I 0.24 0.01 0.21 0.24 0.03 0.52 0.49 -0.09 0.28
Cs 0.69 0.16 0.37 0.24 0.22 ~0.05 0.23 0.05 ~0.01
Ba 0.67 0.00 0.17 0.21 -0.10 0.00 -0.05 0.35 0.24
La 0.95 0.05 0.00 0.16 -0.01 0.04 0.05 0.14 0.09
Ce 0.94 0.08 0.04 0.15 0.03 0.03 0.10 0.15 0.08
Sm 0.95 0.06 0.08 0.17 0.05 0.05 0.07 0.04 0.01

Eu 0.76 0.07 -0.03 0.38 0.28 0.03 0.01 -0.09 ~0.16
Tb 0.94 0.08 -0.05 0.21 0.06 0.03 0.07 0.08 0.02
Hf 0.93 0.10 0.18 0.01 0.09 ~0.02 -0.07 ~0.11 -0.07
Ta 0.92 0.09 0.24 0.05 0.10 0.07 -0.01 -0.05 -0.07
w 0.31 0.10 0.63 0.05 0.05 0.23 0.02 0.07 ~0.20
Au 0.06 0.18 0.48 -0.01 -0.26 -0.30 ~0.06 -0.02 ~0.18
Hg (AAS)|  —0.04 0.33 -0.03 0.01 0.07 0.03 0.02 -0.06 0.79
Pb(AAS) | 0.12 0.92 0.06 0.09 ~0.06 0.02 0.08 ~0.06 0.08
Th 0.92 0.08 0.03 0.17 -0.09 -0.02 0.09 0.18 0.08
U 0.94 0.04 0.17 0.14 -0.03 0.03 0.06 0.11 0.05

Rotation Method: VARIMAX with Kaiser Normalization.




Factor 1 Factor Content
scores cemmia mg/kg
<0 : <025
00.25-0.39
110-0.5 10.39-0.54
110.54-0.86
[10.5-1 [10.68-0.83
10.83-0.97
-2 80.97-1.12
53 B1.12-1.26
. B>1.26
s _,._‘m GREECE . >3
(
Content, Content,
mg/kg mg/kg
m<04 B<0.43
[10.4-0.8 10.43-0.78
10812 10.78-1.12
[11.2-1.6 [11.12-1.46
[11.6-2.0 [11.46-1.80
02024 11.80-2.15
H2428 02.15-2.49
H2832 B2.49-2.83
H>32 B>2383
Ta Content, Content,
L mg/kg mg/kg
suteara I < 0.1 B<0.8
M0.1-0.18 H0.8-1.6
Aot [10.18-0.26 11.6-23
[10.26-0.34 12.3-3.0
7 10.34-042 13.0-3.7
B0.42-05 03744
M0.5-0.58 4451
H0.58-0.66 B51-58
B> 0.66 B>58

Fig. 6. Geographical distribution of some selected elements relevant to Factor 1. Black-and-white map (Factor 1) is built on its factor scores

Nine identified factors are interpreted as follows:

Factor 1 (Na, Mg, Al, Sc, Ti, Fe, Co, As, Rb, Zr, Cs,
Ba, La, Ce, Sm, Eu, Tb, Hf, Ta, Th, U). This factor has a
typical crustal composition and is probably significantly
influenced by soil particles adhered to the moss samples.
The association of As with this factor however indicates
some contribution from coal fly ash as well. Geographi-
cal distribution of factor scores of Factor 1 and selected
distributions of some characteristic elements are shown
in Fig. 6. Probably, somewhat higher content of U, Th,
and Sm in the South around Bitola (the hot-spot), close to
sampling site 56, is due to air pollution from coal ash
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from thermo-electrical power plant in Bitola using lig-
nite as a fuel [27].

Factor 2 (N1, Zn, Se, Ag, Cd, In, Sb, Pb). This factor
contains elements normally associated with air pollution.
It appears to be connected mainly with the lead—zinc
smelter (Pb, Zn, Cd, and Sb) in Veles and a ferronickel
smelter plant (Ni and Ag) in Kavadarci. This factor is
also dominant further along this valley of the river Vardar
extending from Skopje to Veles and continuing south-
eastwards toward Greece. It is well known that along the
valley there is frequent flow of air masses in both direc-
tions in winter and in summer, contributing to dis-
persion of emissions the distribution of polluting gases
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from industry. Along the Vardar River there is a highway in the cities, in Skopje in particular, where the concentra-
connecting Serbia in the North with Greece in the South. tion of cars is the greatest. Considerable percentage of
Influence of the exhaust gases from cars is more present transport vehicles in use is older than 10 years, so most of
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Content,

the petrol used is not of unleaded type. Indium and sele-
nium appear to be more widely dispersed than the other
elements associated with Factor 2. The geographical dis-
tribution of Factor 2 is shown in Fig. 7 together with
those of some typical elements.

Factor 3 (As, Br, Mo, W, Au). The distribution maps
of this factor and the associated elements are given in
Fig. 8. Its element composition indicates anthropogenic
origin, but the source is not clear. Most probably Mo, W
and Au emissions are connected with the lead-and-zinc
smelter in Veles where Au is present in the Pb—Zn con-
centrates, and Au production is present as a by-product.
Higher content of Mo and W in the Radovi$ region may
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be due to dust from a magnetic ore mine, which is not in
operation any more. The appearance of Au in mosses in
the eastern part of the country may be related to a copper
flotation plant near RadoviS. In case of arsenic it is
known that its concentration in mineral waters in
Kavadarci at Kozuf mine [28, 29] (sampling site 38) and
Kocani [29] (sampling site 14) is within the range of
50-200 u/L whereas the «normal» concentrations of ar-
senic in mineral waters from Macedonia range between
1-10 w/L [29].

Factor 4 (Mg, Al, Sc, Ti, V, Fe, Cu). From the ele-
mental composition it appears to be a soil dust factor as-
sociated with basic rocks and the copper flotation plant
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Fig. 9. Geographical distribution of some elements relevant to Factor 4

near Radovis. The dominant area for this factor is in the
south-east part of the country next to the Greek border.
Distribution maps of Factor 4, Mg, Al, Ti, V, and Cu are
shown in Fig. 9.

Factor 5 (Sc, Cr, Fe, Co, Ni) is most likely con-
nected with past industrial activities near the town of
Tetovo (a previously active ferrochrome smelter) and
current activity near Kavadarci (ferronickel smelter).
The corresponding distribution maps are given in
Fig. 10.
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Factor 6 (Cl, Mn, Br, I). The element Mn is most
probably associated with the interaction of the moss with
higher vegetation, and halogens may reflect their marine

influence [30] (Fig. 11).

Factor 7 (Ca, I). lodine is split into two factors —
Factor 6 and Factor 7 with quite similar factor loadings:
0.52 and 0.49. Its combination with Ca may point out that
limestone and dolomites of marine origin are enriched in
iodine due to the fact that in the prehistoric times the ter-
ritory of Macedonia was a bottom of a sea, and nowadays
iodine is revealing itself through the weathering proces-
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ses. The highest factor scores are obsered in the south of
the country (sites 30, 3639, 45), which seems to confirm
this hypothesis. High factor score for sampling site 4 in
the north could be due to limestone quarries between
Skopje and Kumanovo.

Factor 8 (K, Sr). As in the case of Factor 6, Factor 8
is most probably associated with higher vegetation.
Figure 12 shows the distribution of Factor 8 and the asso-
ciated elements K and Sr. This factor corresponds rela-
tively well to forested areas of the country (sites 12, 24,
34, 55 in the relevant plot of factor scores in Fig. 5).
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Fig. 10. Geographical distribution of
some elements relevant to Factor 5

Factor 9 (Ag, Hg). This factor may be connected

with small metal workshops in the vicinity of local settle-
ments. The levels registered for mercury near Ohrid
could be related to local industrial activity in production
of mirrors for cars. Distribution maps of this factor are
given in Fig. 13.

The most striking examples of metal pollution in

Macedonia appear to be the lead—zinc smelter in Veles,
the chromium smelter near the town of Tetovo, northwest
of Skopje, and the ferronickel smelter in Kavadarci.
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Fig. 14. Comparison of atmospheric deposition patterns determined by the moss technique and the location of
uranium deposits in Macedonia [31]

URANIUM DEPOSITS AND MOSS URANIUM CONTENT

Particular interest is inherent with the data on at-
mospheric deposition patterns of uranium in moss in the
vicinity of uranium deposits in the Republic of Macedo-
nia (soil data) [31]. Distribution of uranium concentra-
tion in moss and soil over the sampled territory is shown
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in Fig. 14. The observed geographical anomalies seem to
correspond to the presence of the uranium minerals in
some geochemical regions of Macedonia. The higher U
abundance in the southwestern part of the country (near
the town of Bitola) is probably due to fly-ash deposition



from the combustion of large amounts of lignite (about
6 million t per year) [32] (Macedonia’s First National
Communication, 2003) in the power plant near Bitola
with air, and possibly also as a result of transboundary
pollution from several power plants using lignite type of
coal [27] in the northern part of Greece, just south of
Bitola power plant. It should be mentioned that in the
coal locality of Suvodol significant uranium minerals are
present [31]. Minerals of uranium, especially plehblen-
da, are very soft and could be easily blown into the at-
mosphere with dust to be later accumulated from dry and

wet atmospheric depositions in moss growing in the sur-
rounding area.

Similarly, the appearance of the uranium anomalies
in the region of the city of Strumica (southeastern part of
the country) could be explained by the presence of signi-
ficant amount of uranium minerals in the granites deposit
in the geological structure of this region [31]. It is impor-
tant to notify that in this region the exploitation of albitic
granites (with a relatively high content of U) is taking
place. During exploitation of these granites the process
of drilling and milling of the rock may release consider-
able amounts of dust particles into the environment.

CONCLUSION

This is the first study of the atmospheric environ-
ment within the Republic of Macedonia encompassing
its entire territory, and it adds this country to the Euro-
pean moss network. The present study employed a high-
er-density sampling network than most similar studies,
and supports the reliability of the study. In comparison
with neighboring countries where similar studies have
been made, the obtained results for Macedonia generally
show a more favorable picture, but comparison with
more pristine territories in Europe still shows that the
country is considerably exposed to air pollution. The
most important pollution sources appear to be smelters
near the cities of Veles, Kavadarci and Tetovo. Fly ash
from burning lignite coal in power plants near Bitola and

Kicevo is also an important polluting factor and it may
explain some of the uranium deposition patterns. The
significance of transboundary atmospheric transport in
this region remains to be studied in the future.
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