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ABSTRACT

Baceva, K, Stafilov, T., Sajn, R. (2009). Biomonitoring of nickel air pollution near the city of Kavadarci,
Republic of Macedonia, Ekol. Zagt. Zivot. Sred., Vol. 12, No. 1-2, 57-69, Skopje.

Air pollution with nickel was investigated in the vicinity of the ferronickel smelter plant near the city of Ka-
vadarci, Republic of Macedonia. In this work the moss biomonitoring technique and atomic emission spectrometry
with inductively coupled plasma was applied. The purpose of the study was to establish range of air pollution with
nickel which could be expected due to the pollution from the ferronickel plant. For this purpose, 35 moss samples
were collected together with 19 soil samples taken from the same localities as a topsoil (0-5 cm) and subsoil (20-30
cm). The analyses of moss and soil samples were performed using atomic emission spectrometry with inductively
coupled plasma. The obtained results show that there is evidently higher content of nickel in moss samples collect-
ed in the vicinity of the ferronickel smelter plant. The median value of Ni in moss samples from the whole region
(31.0 mg kg!) is much higher that the median for Macedonia (2.4 mg kg™!). This fact confirms the influence of the
air pollution with dust from the ferronickel plant in the larger region of city of Kavadarci.
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n3BoOJg

bauera, K., Cradunos, T., [llaju, P. (2009). BHOMOHHUTOPHHT Ha 3araJyBameTO Ha BO3AYXOT CO HUKEI BO
oxonuHara Ha Kasanmapiu, Peny6nuka Makenonuja. Exoin. 3amr. XKusot. Cpexn., Tom, 12, Bp. 1-2, 57-69, Cromje

HcmutyBaHo e 3arajyBambeTo Ha BO3AYXOT CO HMKEN BO OKOJIMHATA Ha TOIMIIHHIATA 3a (epoHuKen 0iam3y
Kaganmaprim, Penmyonuka Makenonuja. Bo cTtymujata mpuMeHETH c€ TEXHUKUTE CO OHOMOHHTOPHHT CO MOBOBH H
aToMCKaTa eMICHOHA CIIEKTPOMETPHja CO MHAYKTHBHO CIIperHara rasma. L{enTa Ha McnuTyBameTo e Jia ce yTBp-
Ji1 00J1acTa Ha 3ara/lyBambeTo Ha BO3/IyXOT CO HUKEJ KOe MOJXKe Jla Ce O4YeKyBa KaKko pe3yaTaT off paboTemheTo Ha To-
NUJIHUIATA. 3a Taa 1ell 3eMeHH ce 35 MpUMEepOLH O] MOB Kako M 19 mpuMmepony 1mo4sa off UCTHTE JIOKALUK U TOa
KaKo noBpurrHcku nmousH (0-5 cm) u moanoBpuuHcky nousu (20-30 cm). 3eMeHHTE NPUMEPOLY O] MOB U ITOYBH
Oea aHaIM3MPaHH CO MPUMEHA Ha aTOMCKaTa eMHUCHOHA CIIEKTPOMETPHja CO MHAYKTUBHO CIIperHara miasma. J{o-
OMeHnTe pe3yaTaTy MOoKaXKyBaaT 3HaYMTEITHO TOBUCOKH BPEIHOCTH 3a COIPKUHHUTE Ha HUKEN BO IPUMEPOLIUTE Off
MOB 3eMEHH O]] OKOJIMHATa Ha TONMJIHUIATA 3a (epoHHKeN. BpenHocture Ha MenujaHara 3a Ni BO mpuMepouuTe
MOB Of1 [le/1aTa HCTIHTYBaHa obnacta Ha KaBagapuu u Herosara okonrHa (31,0 mg kg™') e MHOTYKpaTHO MOBHCOKA
oz1 onaa 3a Makenonuja (2,4 mg kg'). OBa ro morBpayBa (hakToT 3a BIMjaHHETO Ha paboTara Ha TOIMJIHUIIATA BP3
3araJyBameTo Ha BO3IYXOT BO IOIIMPOKHOT peruoH Ha KaBamapriy.

Kayunn 360poBu: 3aragyBame Ha BO3IYXOT, HUKEI, MOB, TIouBa, KaBanapiy, Pemmy6nuka MakenoHuja
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Introduction

The data from moss surveys allow
examination of both spatial and temporal trends
in heavy metal deposition and identification of ar-
eas where there is high deposition of heavy metals
from long-range transport and local sources. 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 col-
laboration in order to assess the general situation re-
garding heavy metal pollution and to jointly report
these results to the European Atlas of Heavy Met-
al Atmospheric Deposition issues by UNECE ICP
Vegetation (Barandovski 2006, 2008).

The presence of heavy metals in air in Ma-
cedonia had been previously studied only for some
particular locations (Veles and Skopje), using ato-
mic absorption spectrometry (AAS) for determina-
tion of a limited number of elements (Mulev et al.
1993; Kadifkova Panovska et al. 1996; Stafilov and
Jordanovska 1997; Kulevanova et al. 1998; Stafilov
et al. 2003). In 2002 moss samples were collected
for the first time over the entire territory of Mace-
donia and subsequently analyzed by multi-element
instrumental epithermal neutron activation analysis
(Barandovski et al. 2006, 2008; Barandovski 2009),
previously successfully used in similar studies in di-
fferent Balkan countries (Stamenov et al. 2002; Cu-
cu-Man et al. 2004; Frontasyeva et al. 2004). The
obtained results from this study show that most im-
portant pollution sources are related to smelters near
the cities of Veles and Kavadarci along the valley of
the river Vardar extending from Skopje to Veles and
continuing southeastwards toward Demir Kapija.

Therefore, the purpose of this study was to
establish contents and distribution of nickel by us-
ing biomonitoring moss technique in the city of Ka-
vadarci and its environs, and to define the extent of
the air pollution with nickel.

For the comparison of the results from moss
survey with the geology of the region, and to check
if the pollution of the air with nickel is connected
with the air particles from the surrounding soils, 19
soil samples were taken from the same localities
were moss samples were collected, as a topsoil (0-5
c¢m) and subsoil (20-30 cm).

There were several investigations of soil,
vegetables and fruits produced in this region but
they were mainly concerned with contamination
by nickel, iron, cobalt and chromium (Boev et al.
2005). Other elements were not determined though it
is known that the minerals of many other heavy met-
als are present in iron-nickel ores used for the pro-
duction of nickel in the smelter plants (Maksimovié
1982; Stafilov et al. 1982; WBG 2006; Filipovski
2003; Everhart et al. 2006; Micro et al. 2006). Addi-

tional reason for the comparison of data from moss
and soil analysis from this region are the results ob-
tained from the first systematic study of spatial dis-
tribution of different elements in surface soil and
subsoil over of the Kavadarci region, showing that
the important source of trace metals deposition in
the close surrounding is the ferronickel smelter (Sta-
filov et al. 2008).

Study area

Town Kavadarci is located in Tikve$ valley
about 100 km south from the capital Skopje (Fig.1).
It is main vine production region in Macedonia.
The municipality of Kavadarci (38,741 inhabit-
ants; 992.44 km?) includes of the town of Kavadar-
ci (28,000 inhabitants) and 39 settlements. The ur-
ban area is located on 200-300 m altitude, surround-
ed with hills from east and south sides of the val-
ley with height difference approximately between
300 and 770 m. The west side of the valley is sur-
rounded by the hills Ljubas, Dabov Vrv and the Kle-
pa Mountain. The east side of the valley is surround-
ed by the mountain of Serta and the south with up-
land Vitac¢evo and the Kozuf Mountain.

The study area (Figs. 1 and 2) is located in
the south-central part of Macedonia with an approx-
imate area of about 400 km?. The investigated region
is covered by a sampling grid for soil of 2 x 2 km?; in
the urbane zone and around the ferronickel smelter
plant the sampling grid is denser (1 x 1 km?). All to-
gether, in the 19 locations 38 soil samples were col-
lected. At each sampling point were collected soil
samples at two depths, top soil (0-5 cm) and sub-
soil (20-30 cm) soil. Within towns, we sampled ur-
ban soil such as soil in the gardens and on the grass
verges. One sample represents the composite of ma-
terial sampled in the sample point itself. Close to
each sample location the moss samples are collect-
ed. Most of the selected moss samples were around
ferronickel factory.

The geological description of the investi-
gated area is presented in the Geochemical Atlas of
Kavadarci and its Environs (Stafilov et al., 2008).
It was found that the oldest formations have direc-
tions NW-SE and belong to the inner parts of the
Vardar zone. The Lower Paleozoic (Pz) metamorfic
complex is present with two series: amphibole and
amphibolechlorite schists with marbes and phylite
layers. Serpentite is present in the form of the nar-
row belts along the ruptures inside the Vardar zo-
ne. The uttermost part in the SW of the study zo-
ne is covered with marbles and dolomites probably
from Devonian ages. Over the Paleozoic are deve-
loped Mesozoic (Mz) formations, mainly form La-
te Cretaccous ages. Paleozoic and Mesozoic rocks
cover approximately 39 km? in the SW and W part
of the investigatetd area. Complexes of Tertiary and
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Fig. 1.  The investigated region of Kavadarci and its environs

Cn.1. Ucrpaxysanoto noapadje kaj KaBagapuu u okoauHara

Quaternary sediments cover the most of the study
area. The Upper Eocene (‘E,) flysch sediments and
yellow sandstones are developed along Vardar, Cr-
na Reka and Luda Mara valleys and marginal part of
the Tikves basin. Those sedoments with depth up to
3500 m cover approximately 34 km? mainly in the
N part of investigation area. The Pliocene sediments
fill the Tikves basin, limited with the Vardar on the
North, and Paleozoic-Mesozoic fomations that have
directions NW-SE. This sequence is represented ma-
inlu with sandy series. Pliocene (P1) sediments cover
the biggest part (about 182 km?) in the central part of
the investigated area. SE from the Kavadarci are fo-
und the Quaternary (Q) pyroclastic vulcanites repre-
sented with tuffs, breccias and agglomerates, whic
cover approximately 25 km?.

Materials and methods/experimental

Instrumentation

Nickel was analyzed by the application of
atomic emission spectrometry with inductively cou-
pled plasma (AES-ICP). The optimal instrumental
parameters for both techniques are given in Table 1.

Reagents and standards

Stock solution of nickel with a concentration
of 1000 mg L' (Solutions Plus Inc.) serves for fur-
ther dilutions. All chemicals used were of analytical
grade: hydrofluoric acid, p.a. (Fluka, Germany); per-
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Scale (km)

Fig. 2.  Location of the sampling points for moss and soil samples
Ca.2. Jlokamuu Ha TOYKHTE Kaae Oea 3eMaHH MpoOu Ol MOBOBU M IOYBU
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Tab 1.  Instrumentation and operating conditions for ICP-AES system
Tad.1. Hacrpymentu u onepatusHu napamerpu Ha ICP-AES cuctemor
RF Generator

Operating frequency
Power output of RF generator
Power output stability

40.68 MHz free-running, air-cooled RF generator.
700-1700 W in 50 W increments
Better than 0.1%

Introduction Area

Sample Nebulizer V- groove

Spray Chamber Double-pass cyclone
Peristaltic pump 0-50 rpm

Plasma configuration Radially viewed
Spectrometer

Optical Arrangement Echelle optical design
Polychromator 400 mm focal length
Echelle grating 94.74 lines/mm
Polychromator purge 0.5 L min!
Megapixel CCD detector 1.12 million pixels

Wavelength coverage

177 nm to 785 nm

Wavelength for Ni measurement 231.604 nm

Conditions for program

RFG Power 1.0 kW Pump speed 25 rpm

Plasma Ar flow rate 15 L min’! Stabilization time 30s

Auxiliary Ar flow rate 1.5 L min"! Rinse time 30s

Nebulizer Ar flow rate 0.75 L min! Sample delay 30s

Background correction Fitted Number of replicates 3
chloric acid, p.a. (Alkaloid, Macedonia); hydrochlo- Sampling

ric acid, p.a. (MERCK, Germany); hydrogen perox-
ide, p.a. (MERCK, Germany) and nitric acid, p.a.
(MERCK, Germany).

All vessels used were pre-cleaned by leaching
for 24 h each in proportion of 1 part HNO, and 3 parts
HCI, followed by rinsing with doubly distilled water.

Fig. 3.
Cn.3. Bunosu MoB xou Oea ananusupanu a) Hylocomium splendens (Hedw.); u b) Pleurozium schreberi (Brid.)

Samples of the two moss species (Fig. 3), Hy-
locomium splendens (Hedw.) (32 samples) and Pleu-
rozium schreberi (Brid.) (3 samples) were collected
at 35 localities evenly distributed over the country
during the period September—October, 2008.

Moss species used in the present study a) Hylocomium splendens (Hedw.); and b) Pleurozium schreberi (Brid.)

Ecol. Prot. Env. 12(1/2), 2009
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The sampling was carried out in accordance
with the strategy of the European moss survey pro-
gramme (Riihling and Steinnes 1998). 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
subsamples collected within an area of 50 x 50 m.
Collected material was stored in paper bags. A sepa-
rate set of disposable polyethylene gloves was used
for collection of each sample. Hylocomium splend-
ens (Hedw.) - was the dominant moss type (with 32
moss species of Hylocomium splendens (Hedw.) and
3 moss species of Pleurozium schreberi (Brid.)). In-
terspecies comparison (possible in a limited number
of cases) did not reseal great difference in the ele-
mental concentrations. It was mostly within the er-
ror estimations.

Sample preparation

Moss samples (0.5 g) were placed in a Te-
flon digestion vessels, 5 mL concentrated nitric ac-
id and 2 mL H,0, (30 %, m/V) were added, and the
vessels were capped closed, tightened and placed in
the rotor of the Mars microwave digestion (CEM,
USA). The digestion was carried out with the fol-
lowing digestion program: (1) temperature 180 °C,
10 min ramp time, 1400 W; (2) temperature 180 °C,
5 min hold time, 1400 W. Finally, the vessels were
cooled, carefully opened, and digests were quantita-
tively transferred to 25 mL calibrated flasks.

All soil samples were air-dried. All the materi-
al was spread, in a layer not thicker then 15 mm, on a
tray which does not absorb any moisture from the soil
and which does not cause contamination. It is essen-
tial that direct sunlight be avoided. If the soil samples
have dried into clods, crushing is necessary. Before
crushing, remove stones, fragments of glass and rub-
bish, which are larger than 2 mm by sieving and hand
picking. Take care to minimize the amount of fine ma-
terial adhering to the separated stones. After drying
soil samples are milled in agate mill and pulverized.

Procedure for digestion of soil samples

Weigh precisely 0.500 g of the milled soil sam-
ple and placed in a Teflon digestion vessel and add 10
mL of nitric acid. Place the dish on the asbestos net
plate at ring at 100 °C and evaporate until approxi-
mately 1 mL of nitric acid remains. Note that sever-
al successive additions of nitric acid may be necessary
until the emission of nitrous vapors ceases to remove
all organic matter. After the last addition of nitric acid,
remove the dish from the hot plate and cool to room
temperature before undertaking the digestion.

After cooling add 10 mL hydrofluoric acid
and 3 mL of perchloric acid to the pretreated por-
tion. Heat this mixture on the hot plate until the
dense fumes of perchloric acid and silicon tetrafluo-
ride cease. Do not allow the mixture to evaporate to
complete dryness. Remove the vessel from the hot
plate allow cooling, adding 2 mL of hydrochloric ac-
id or 2 mL of nitric acid and approximately 5 mL of
water to dissolve the residue. Transfer this solution
quantitatively to the 50 mL volumetric flask, fill to
the mark and mix well.

Sensitivity, accuracy and precision of analysis

Precision was controlled by relative differ-
ences between pairs of analytical determinations
of the same sample. Precision was considered good
(Miesch 1976).

Results and discussion

The obtained results for the content of nickel
in 35 moss samples and 38 soil samples with 19 top-
soil and 19 subsoil (with the lithology and the cone
of the sample locality) are given in Tables 2 and 3.

Data from the descriptive statistic of chem-
ical analyses of moss, topsoil and subsoil samples
from Kavadarci area are given in Table 4; the aver-
ages and enrichment ratios of Ni (mg/kg) in differ-
ent groups of moss samples according to basic lith-
ological units in Table 5; while the averages and en-
richment ratios of Ni (mg/kg) in different groups of
moss, topsoil and subsoil samples according to sam-
pling locations in Table 6.

As it can be seen from data presented in Table
4, the average value for the content of nickel in moss
samples from the investigated region is 80 mg/kg,
ranges from 14 to 340 mg/kg). This value is much
higher than the average of 6.6 mg/kg for the content
ofnickel in moss samples collected from the territory
of the Republic of Macedonia, Table 5 (Barandovs-
ki et al., 2006, 2008), which show direct connection
with the pollution from the ferronickel smelter plant
situated near the city of Kavadarci.

Data presented in Tables 5 and 6 undoubt-
edly show that we can separate two populations of
data which are influenced by the geological back-
ground (the differences between Pliocene (P1) sed-
iments and Quaternary tuff Q-tuff) (Stafilov et al.,
2008), and two populations influenced by ferronick-
el smelter plant activities, polluted with the surface
area of about 120 km? and unpolluted area, Fig. 4.
Namely, the enrichment ratio of moss from Kava-
darci area (Pleistocene sandy series vs. Pleistocene
tuff) is 1.7, for samples around ferronickel plant vs.
the samples from the nonpolluted area is 5.4. The
values of continuous probability distribution (F) ob-
tained by the analysis of variance for moss between
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Tab. 2.
Tab. 2.
3eMame Ipoou

The content of nickel in all investigated moss samples with the lithology and the cone of the sample locality
CozpKvHA HA HUKEJ BO aHAJIM3UPAHUTE TIPUMEPOLM MOB CO JINTOJIONIKY KapaKTEPUCTHKU U JIOKAIIMUTE Ha

Sample Lithology Cone Ni (mg/kg)
Ml Tuff (Q) Surroundings 41.2
M2 Tuff (Q) Surroundings 38.8
M3 Tuff (Q) Surroundings 39.9
M4 Tuff (Q) FeNi 30.3
M5 Sandy series (P1) Surroundings 84.6

M6/M35 Sandy series (P1) Surroundings 18.1

M7/M8 Sandy series (P1) FeNi 307.2
M9 Tuff (Q) FeNi 221.4
M10 Tuff (Q) FeNi 97.1
M11 Sandy series (P1) FeNi 190.5

M12 Sandy series (P1) FeNi 107.8
M13 Sandy series (P1) FeNi 89.1
M14 Sandy series (P1) Surroundings 62.2
M15 Sandy series (P1) Surroundings 44.1
Ml16 Sandy series (P1) Surroundings 40.6
M17 Sandy series (P]) Surroundings 18.8
MI18 Sandy series (P1) Surroundings 24.0
M19 Sandy series (P1) Surroundings 25.1
M21 Pz-Mz rocks Surroundings 111.6
M22 Pz-Mz rocks Surroundings 24.8
M23 Tuff (Q) Surroundings 19.4
M24 Tuff (Q) Surroundings 15.6
M25 Tuft (Q) Surroundings 19.5
M26 Sandy series (P1) Surroundings 14.6
M27 Tuff (Q) Surroundings 16.2
M28 Sandy series (P1) Surroundings 13.8
M29 Pz-Mz rocks Surroundings 243
M30 Tuff (Q) Surroundings 16.6
M32 Sandy series (P1) FeNi 344.4
M33 Sandy series (P1) FeNi 166.2
M34 Pz-Mz rocks FeNi 212.2

Q - Quaternary; P1 - Pliocene; Pz-Mz — Paleozoic- Mesozoic

lithological units for moss samples from Macedonia
is 68.8 and for the Kavadarci area is 1.8.

Data on the presence of nickel in the soil
samples (Tables 3, 4 and 6) also confirm that the
main source for air pollution is dust emission from
the smelter plant because the content of nickel in soil
samples is relatively low (Table 4). Moreover, it was
found that nickel content in subsoil and topsoil is
almost the same which shows that the presence of
nickel in soil is natural origin (Stafilov et al. 2008).

It can be seen also that the nickel distribution
follows the wind rose (Lazarevski 1993) with the
dominant winds from N and NW and SE (Figs. 4-6).
The median content of Ni in moss samples from the

whole region (40 mg-kg') is much higher that the
median for Macedonia (2.4 mg kg'). Even more,
this enrichment factor for the moss samples collect-
ed in the near vicinity of the factory is more that 70
times higher that the median value for Macedonia
(Barandovski et al., 2008).

This fact assuredly confirms the influence of
the air pollution with dust from the ferronickel plant
in the closest region (about 120 km?) with the popu-
lation of about 3500. Namely, this smelter plant us-
es the nickel ore with a content of around 1 % of
Ni from the Rzanovo mine, about 30 km south of
the plant. The Rzanovo ore body has the following
lithological rock types: hematite, magnetite-ribe-

Ecol. Prot. Env. 12(1/2), 2009
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Tab. 3. The content of nickel in all investigated topsoil and subsoil samples with the lithology and the cone of the

sample locality

Tab. 3. Coz[pm/ma Ha HUKEJI BO CUTE NMOBPIIMHCKU U MOTHOBPINUHCKU MOYBEHU HpO6I/I CO JIMTOJIOIKHU KapaKTCPUCTUKH

1 JIOKAIlMX HAa TOYKHUTEC 3a 3€MakbEC HpO6I/I

Sample Soil layer Lithology Cone Ni (mg/kg)
K-4/1 Topsoil Pz-Mz rocks FeNi 769.9
K-4/2 Subsoil Pz-Mz rocks FeNi 821.9
K-5/1 Topsoil Pz-Mz rocks FeNi 83.5
K-5/2 Subsoil Pz-Mz rocks FeNi 79.9

K-13/1 Topsoil Tuff (Q) Surroundings 28.9

K-13/2 Subsoil Tuff (Q) Surroundings 61.1

K-40/1 Topsoil Sandy series (P1) FeNi 73.6

K-40/2 Subsoil Sandy series (P1) FeNi 70

K-61/1 Topsoil Sandy series (PI) FeNi 74.7

K-61/2 Subsoil Sandy series (P1) FeNi 74.1

K-90/1 Topsoil Sandy series (P1) Surroundings 70.6

K-90/2 Subsoil Sandy series (P1) Surroundings 79.7

K-105/1 Topsoil Pz-Mz rocks FeNi 262.8

K-105/2 Subsoil Pz-Mz rocks FeNi 235.7

K-203/1 Topsoil Pz-Mz rocks FeNi 43.9

K-203/2 Subsoil Pz-Mz rocks FeNi 36.1

K-204/1 Topsoil Pz-Mz rocks FeNi 112.9

K-204/2 Subsoil Pz-Mz rocks FeNi 98.4

K-205/1 Topsoil Sandy series (P1) FeNi 62.2

K-205/2 Subsoil Sandy series (P1) FeNi 61.2

K-206/1 Topsoil Sandy series (P1) FeNi 39.7

K-206/2 Subsoil Sandy series (P1) FeNi 34.5

K-207/1 Topsoil Sandy series (P1) Surroundings 73

K-207/2 Subsoil Sandy series (P1) Surroundings 75

K-211/1 Topsoil Tuff (Q) Surroundings 15.2

K-211/2 Subsoil Tuff (Q) Surroundings 13

K-215/1 Topsoil Sandy series (P1) Surroundings 80.1

K-215/2 Subsoil Sandy series (P1) Surroundings 57.1

K-217/1 Topsoil Sandy series (P1) Surroundings 47

K-217/2 Subsoil Sandy series (P1) Surroundings 46.5

K-219/1 Topsoil Sandy series (P1) Surroundings 50.1

K-219/2 Subsoil Sandy series (P1) Surroundings 53.6

K-220/1 Topsoil Pz-Mz rocks FeNi 73.9

K-220/2 Subsoil Pz-Mz rocks FeNi 76.5

K-228/1 Topsoil Sandy series (P1) Surroundings 62

K-228/2 Subsoil Sandy series (P1) Surroundings 61.7

K-247/1 Topsoil Sandy series (P1) Surroundings 103.4

K-247/2 Subsoil Sandy series (P1) Surroundings 106.7

Q - Quaternary; Pl - Pliocene; Pz-Mz — Paleozoic- Mesozoic
cite schists, dolomite-talc schists, talc schists and (saprolite-limonite type) reach in nickel (2-2.5 %),
serpentine (Maksimovi¢ 1982; Boev and Jankovic is used. Therefore, the dust from this plant has the
1996). In the last 4 years beside ore from Rzanovo same content as the ore used as a raw material.

mine, ore mainly from Gebe nickel mine, Indonezia
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Tab. 4. Descriptive statistic of chemical analyses of moss, topsoil and subsoil samples from Kavadarci area; n =31
(moss), n=19 (topsoil, subsoil).

Ta6 4. JeCKpUNTHBHU CTaTHCTUYKHU MapaMETPH Ha XeMUCKHUTE aHAIN3H Ha MOB, TIOBPIIMHCKY U JUITA0MHCKH NOYBEHU
npo6u ox1 kaBasapeuxo; =31 (MoBoBH), n=19 (MOBPLUIMHCKH U OTHOBPIINHCKU TOYBEHU NPOOH).

Material  Dis. X s Xg sg Md Min Max A E
Ni Moss Log 80 89 48 2.7 40 14 340 0.55 -1.00
Ni Topsoil Log 110 170 73 23 73 15 770 1.20 3.71
Ni Subsoil Log 110 180 72 2.3 70 13 820 1.17 4.53

Dis. — distribution (Log - lognormal); X — mean; Xg — geometric mean; s — standard deviation; sg — geometric standard de-
viation; Md — median; Min - minimum; Max — maximum; A — skewness; E — kurtosis. Data round at two digits.

Dis. - muctpubynmja (Log - lognormal); X —cpenHa BpeqHOCT, Xg — T€OMETPHCKA CPEHA BPEIHOCT; S -CTaHAapIHA
JeBHjanyja; Sg — TeOMETpPHUCKAa CTaHAapiHa aeBwjanuja; Md - MemujaHa; min- MHHMMYM; max- MakCUMyM; A -
acumerpuydHocT; E - kyTo3a.

Tab. 5. Averages and enrichment ratios of Ni (mg-kg™) in different groups of moss samples according to basic
lithological units. Data sources: Macedonian — Moss (Barandovski, 2009); Kavadarci — Topsoil (Stafilov et al.,
2008, 2010).

Ta6 5. TIpoceuHn BpeAHOCTH M HHJCKC Ha 300raryBame co Ni (mg-kg!) Bo pasnuyHu rpynu o1 aHaIu3UpaHUTE
MPUMEPOL Of MOBOBH CIIOpE]] OCHOBHHTE JIMTOJOIIKY eANHUIM. M3BOpHU Ha ITOJaTONNTE: MOBOBH OJf
Maxkenonuja (Barandovski 2009); moBpmmHckn nousu o kaBagapedko (Stafilov et al. 2008, 2010)..

Macedonia — Moss Kavadarci — Moss
Average P1-S ER (I) F P1-S Q-T ER (II) F
n 72 13 16 11
Ni 6.6 20 3.0 8.8 57 34 1.7 1.8

n —number of samples; P1-S — Pliocene sandy series; Q-T — Pleistocene tuff; ER (I) — enrichment ratio — Macedonia (Pleis-
tocene sandy series vs. Macedonian average); ER (II) — enrichment ratio of moss - Kavadarci area (Pleistocene sandy se-
ries vs. Pleistocene tuff); F — continuous probability distribution (analysis of variance) for moss between lithological units,
significant values (p=0.05) are underlined.

n-6poj Ha npobwu; PI-S - [Inmnonencka necoxnusa cepuja; Q-T - ITnencronencku tyd; ER (I) - nnnekc Ha 30oraryBame -
Maxkenonuja (Ilnencronencka necoknusa cepuja / MmakenoHcku npocek); ER (II) - manexc Ha 300raTyBame kaj MOBOBHTE
- xaBajapeuxo (IIneucrornencka necoxnuBa cepuja / Ilneucronencku tyd); F - Hempekunara BepojaTHa AuCTpHOyIHja
(amanmm3a Ha BapHjaHca) 32 MOBOBHUTE ITOMelY JTMTOJIOIIKUTE €AWHMIN; CTaTHCTHYKY 3HadajHUTE BpexnHoctH (p=0,05) ce
TIO/IBJICUCHU.

Tab. 6. Averages and enrichment ratios of Ni (mg-kg™") in different groups of moss, topsoil and subsoil samples
according to sampling locations. Data sources: Kavadarci — Topsoil (Stafilov et al., 2008, 2010).

Ta6 6. TIpoceuHn BpeAHOCTH M HHJCKC Ha 300ratyBame co Ni (mg-kg!) Bo pasnuyHu rpynu o1 aHaJu3UpaHUTEe
IIPUMEPOLH Ol MOBOBH, TIOBPIIMHCKH U MOTIIOBPIIMHCKHY ITIOYBH CIIOPEJ JIOKAIIMUTE HA 3eMambe MPOOH.
HW3BOpu Ha mopjaroryTe: NOBPIIMHCKY ITOYBHU Of KaBagapedko (Stafilov et al. 2008, 2010).

Kavadarci — Moss Kavadarci — Topsoil Kavadarci — Topsoil
FeNi Rest ER F FeNi Rest ER F FeNi Rest ER F
n 10 21 10 9 10 9
Ni 150 28 54 4570 98 52 1.9 330 93 54 1.7 2.07

n — number of samples; FeNi — Area around ferronickel smelter (polluted area); Rest — Nonpolluted area; F — continu-
ous probability distribution (analysis of variance) for moss, topsoil and subsoil between polluted area and nonpolluted ar-
ea, significant values (p=0.05) are underlined; ER — enrichment ratios of moss, topsoil and subsoil — Kavadarci area (pol-
luted area vs. nonpolluted area).

n-0poj Ha mpo6u; FeNi - mogpadje okoy TomumHAIATa 3a GepoHuKen (3araneHo moapadje); Rest - Hezaraneno moapadje; F
- HeTpeKWHAaTa BepojaTHa TUCTpuOyHja (aHaIM3a Ha BapHjaHCa) 32 MOBOBHTE, TIOBPIIMHCKUTE M TMOTIOBPIIHHCKUTE TIOYBH
moMery 3araJIecHoTO M He3araJIeHOTO MO/Ipadje; CTaTUCTHYKH 3HadajHuTe BpenHocTH (p=0,05) ce monsneyeny; ER - nanexc Ha
300raTyBame Kaj MOBOBUTE, OBPIIMHCKATE ¥ MOTIIOBPITMHCKHUTE TIOYBH - KaBaJapeyuko (3araJeHo/He3araJeHo moapadje).
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Distribution of Ni in moss samples
Juctpubyuuja Ha Ni BO IprMepoLuTe MOB

Katerina BACEVA et al.

Fig. 4.
Ca. 4.
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Fig. 5.  Distribution of Ni in topsoil samples

Cn.5. JucrpuOyimja Ha Ni BO HOBPIIHHCKUTE TOYBEHU IPOOH

Fig. 6.  Distribution of Ni in subsoil samples
Ca.6. JluctpuOynmja Ha Ni BO MOTIMOBPITHHCKUATE TOYBEHH MTPOOH
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Pe3nme

HcnuryBaHo e 3aralyBameTo Ha BO3AYXOT CO HHMKEN BO OKOJMHATA HA TOIMIIHMIATA 32 (DEPOHUKET
6mm3y Kasagapuu, PemmyOnuka Makenonuja. Bo crynujara nmpuMeHeTH ce TEXHHKHTE CO OMOMOHUTOPUHT CO
MOBOBH M aTOMCKaTa EMHCHOHA CIIEKTPOMETPH]ja CO MHIYKTUBHO CIperHara miasma. Llenra Ha ncmTyBameTo
€ JIa ce yTBpZM o0J1acTa Ha 3araJyBar-eTo Ha BO3AYXOT CO HUKEN KO€ MOXKE J1a C€ OUeKyBa Kako pe3yJTar of pa-
0oTemeTo Ha TONWIHMIATA. 3a Taa 111 3eMEeHH ce 35 MpuMepoIH 0] MOB Kako U 19 mpumeporu mo4sa oJ uc-
THUTE JIOKAIIMU U TOA KaKo MOBpIIMHCKH 1ouBH (0-5 cm) 1 noTrnoBpuHcky moysu (20-30 cm). 3emeHure npu-
MEpOLM O/ MOB M ITOYBH 0Oea aHaJM3UPaH! CO MPUMEHa Ha aTOMCKaTa eMHUCHOHA CIIEKTPOMETpHja cO HHIYK-
THUBHO CIIperHaTa rasmMa. JloOneHnTe pe3ynTary IMoKaKyBaaT 3Ha9UTEITHO TOBUCOKH BPEIHOCTH 3a COIPIKHU-
HUTE Ha HUKEJ BO IPUMEPOLIMTE O] MOB 36MEHH O OKOJIMHATA Ha TONMWIHHUNATA 32 pepoHHKen. BpenrHocTure
Ha MezWjaHata 3a Ni BO IPUMEPOITE MOB O] IieJlaTa UCTITyBaHa oOnacta Ha KaBanapiy u Heropara OKOJIH-
Ha (31,0 mg kg'!) e MHOT'YKpaTHO MOBHCOKa o] 0OHaa 3a Makenonuja (2,4 mg kg'). Ako ce ciopeaaT BpenHoc-
THUTE 32 BPEJHOCTA HAa Me/¥jaHara 3a COApKMHATa Ha HUKET BO MOBOBHUTE 3€MECHH BO HEIIOCPEHATA OKOJIMHA
Ha TONWIHHUIIATA, CO ME/MjaHaTa 3a COAp)KMHATa Ha HuKel 32 MakenoHuja, (pakTop Ha 3rojieMyBambe HaJMHU-
nysa 70. OBa ro noTBpayBa (akToT 3a BIMjaHHETO Ha padoTara Ha TOMTHHIIATA BP3 3aralyBambeTo Ha BO3IY-
XOT BO TTOIIMPOKHOT perroH Ha KaBanapiu. JloOnenuTe BpetHOCTH, TaK, 32 COAP)KMHATA HA HUKET BO MTOYBH-
TE 3eMEHH BO OKOJIMHATa Ha TONMJIHUIIATA HE MTOKa)XKyBaaT HeKoe 3a0eNIe)KUTENHO 3rofieMyBame. OBa e 1omoi-
HUTEJTHO NOTBP/ICHO CO (DaKTOT IITO COMPKMHUTE Ha HUKEJI CE MOTOJIEMHU BO MOJIIOBPIINHCKUTE MTOYBH BO OJI-
HOC Ha noBpuKHCKUTE. OBa JIOMOIHNUTETHO YKA)KyBa HA BIMjaHUETO Ha paboTara Ha TOIMIIHUIIATAa CaMo Ha 3a-
raJyBarmbe Ha BO3YXOT BO HETOBaTa HEMOCPEIHA OKOJIMHA.
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