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A bstract: Moss biomonitoring was applied to establishing anthropogenic influence of arsenic in city of Bi-
tola and the environs, Republic of Macedonia. Moss samples were collected from 38 locations in the area of 1400
km? in summer and autumn 2010. Arsenic was analyzed by the application of inductively coupled plasma - mass
spectrometry (ICP-MS). The obtained results of this element were statistically processed and the map of areal distri-
bution was prepared. Map of arsenic distribution showed the sites with higher levels of this element. Arsenic was the
element that illustrates the operation of open pit brown coal mining and thermoelectric power plant (REK “Bitola”).
The obtained median for As (0.38 mg kg'') from the investigated area was compared with those for the whole terri-
tory of Macedonia and for the other Balkan countries and Europe.
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INTRODUCTION

Environmental pollution with heavy metals is
a global process initiated by the world technology
progress and human exploitation of natural re-
sources. Anthropogenic impact on environs is a
danger throughout the world, mostly in the form of
atmospheric pollution. Especially heavy metals
were pollutants of great concern, they are nonde-
gradable and highly toxic. Common sources of
heavy metal pollution include discharge from in-
dustries such as electroplating, plastics manufac-
turing, fertilizer producing plants and wastes left
after mining and metallurgical processes (Zoub-
oulis et al., 2004). Heavy metals in atmosphere
exist in particulate form. These particles undergoes
on dry, wet and occult deposition to land or water
surfaces which constitutes the first stage of accu-
mulation of atmospheric heavy metals.

Moss biomonitoring technique was first intro-
duced in Scandinavia and has shown to be very
suitable for studying atmospheric deposition of
heavy metals and other elements as well (Riihling
et al.,, 1968, 1971). Republic of Macedonia was
involved in the UNECE ICP Vegetation (United
Nations Economic Commission for Europe Inter-

national Cooperative Programme on Effects of Air
Pollution on Natural Vegetation and Crops —
Heavy Metals in European Mosses), for the first
time in 2002 (survey 2000/2001) and then in 2005
and 2010 when atmospheric deposition of trace
elements was studied over the entire territory of the
country using moss samples (Barandovski et al.,
2006, 2008, 2012, 2013; Harmens et al., 2003). It
was found that the most important emission sour-
ces are mines and drainage systems and smelter
plants.

Arsenic is ubiquitous in the air, water and soil
in the form of metalloid or chemical compounds. It
is used commercially in pesticides, wood pre-
servatives, and in the manufacture of paper, glass
and semiconductors (Klaassen, 2008). Many inor-
ganic arsenic compounds are found in the envi-
ronment, frequently occurring as the sulfide form
in complex minerals. Arsenic compounds occur in
tri- and pentavalent forms, common trivalent forms
are arsenic trioxide and sodium arsenite, and com-
mon pentavalent forms are arsenic pentoxide and
the various arsenates (Klaassen, 2008). Organic
forms of arsenic include the metabolites: mono-
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methylarsonic acid (MMA), dimethylarsinic acid
(DMA), and trimethylarsine oxide (TMAO). The
methylated metabolites can exist for both arsenite
and arsenate (Saranko, 1998). Arsenic ingestion
can have number of deleterious health effects.
Many mammalian species metabolize inorganic
arsenic by methylation, through there is a variation
in the rate and extent of methylation among human
populations (Vahter, 1999). Hallmarks of chronic
oral exposure to arsenic include skin lesions char-
acterized by hyperkeratosis, hyperpigmentation
and hypopigmentation (Klaassen, 2008). Contami-
nation can also cause gastrointestinal discomfort,
vomiting, diarrhea, bloody urine, anuria, shock,

convulsions, coma and even death (Hughes, 2002).
Potential exposure to arsenic also occurs through
the consumption of drinking water contaminated
with arsenical pesticides, natural mineral deposits,
or arsenical chemicals that were disposed of im-
properly (ATSDR, 2007).

The aim of this study was establishing the
level of pollution with arsenic in moss samples
collected from 38 locations in Bitola, Republic of
Macedonia, and its environs. Arsenic was analyzed
by the application of inductively coupled plasma —
mass spectrometry (ICP-MS). The obtained results
were statistically processed and the map of areal
distribution was prepared.

MATERIALS AND METHODS

Study area

The study area is located in southwest part of
the Republic of Macedonia (Fig. 1), with largeness
of 35 km (W-E) x 40 km (S-N), total 1400 km’.
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Fig. 1. Studying area

The Bitola region, as well as the whole
Pelagonia Valley is rather southern positioned and
due to the latitude should have an altered Mediter-
ranean climate. However, although Pelagonia Val-
ley is at a distance of 155 kilometers from the
Adriatic Sea, and at about 130 kilometers from the
Aegean Sea, still the Mediterranean climate influ-
ence isn’t much felt, because of the high moun-
tainous surrounding of the valley, and its own

height above the sea level (it is between 571 and
770 meters). In Bitola the north and north-east
winds prevail (Fig. 2). The Mining and thermoe-
lectric power plant “Bitola” is located in the pe-
riphery of Pelagonia plain near the village of
Novaci. The plant which basic activity is the pro-
duction of electricity and coal is the biggest in the
system of the Macedonian electric power plant and
consists of mine “Suvodol” and Thermoelectric
power plant. Other industries that could be consid-
ered air pollutants in the region are Renosil, the
factory produces quartz, and the industry for metal
processing "Metalec" Bitola.

The study area includes parts of two large tec-
tonic units: the Pelagonian massif and the West-
Macedonian zone. The Pelagonian massif is sepa-
rated from the West-Macedonian zone by a big
revers Pelagonian fault, which is covered by young
Quaternary deposits. Simplified geological map
with major lithological unit is provided in Fig. 2.

The Pelagonian massif is built of Precambrian
metamorphic and igneous rocks. The predominant
rocks on the western Pelagonian massif are banded
muscovite gneisses, but also other varieties such as
the banded muscovite-biotite gneisses and augen-
amydaloidal two-mica gneisses. Medium to coarse
grained granodiorites, garnet-staurollite and gar-
net-cyanite occur as intrusive bodies in the gneiss-
micaschist series. By the influence of granodioritic
magmas the sourrounding rocks were felpatized
and augen-amydaloidal two-mica gneisses and
banded two-mica gneisses originated, the feld-
spatization of muscovite gneiss was weak. Some
relicts of amphibolite and schistose amphibolite are
present in the study area.
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Fig. 2. Geological map of Bitola region

The oldest rocks in the Western Macedonian
zone are Paleozoic age and consist of low meta-
morphic schists and granitic rocks. The most wide-
spread granite is alkalic granite, extending in N—S
direction. The oldest granitoides rocks are repre-
sented by biototic and amphibolitic granodiorites
to which granosyenite and syenite are connected
on the southern part of the Western Macedonian
zone. Following the direction N-S, on left side of
the map, Silurian-Devonian formation occur com-
posed of phylite, slate, metasandstone and meta-
conglomerate which alter to older Paleozoic rocks.
Ordovician-Silurian green shist and conglomerates
with intrusions of quartz-sericite schist and schis-
tose quartzite developed southern of Bitola.

During Pliocene and Quaternary were first
deposited the lacustrine sediments in the Pelago-
nian depression. They begin with Middle Pliocene
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gravels, sands and clays with coal beds, while the
upper part is composed of poorly sorted gravels,
sand and silty clays. Holocene is represented by
deluvial and alluvial deposits.

Sampling and sample preparation

38 samples of mosses were collected during
the period from July 2010 till December 2010. The
sampling network with numbered sampling sites is
shown in Fig. 3. The sampling rule was: samples
that were collected must be in a distance of mini-
mum 300 m from main roads, 100 m from local
roads, and 200 m from settlements. Each sample
was composed of five subsamples collected within
an area of 50 x 50 m. Collected material was stored
in paper bags. Mosses were left to dry and cleaned.
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Fig. 3. Land-use map with location of sampling sites

Microwave digestion system was applied for
moss samples. In teflon digestion vessels 0.5 g of
moss samples together with 5 ml concentrated
HNO; (trace pure, Merck, Germany) and 2 ml
H,0, (30%, m V', Merck, Germany) were added,
and the vessels were closed, tightened and placed
in the rotor of a microwave digestion system
(Milestone, Ethos Touch Control). After digestion
and cooled samples were quantitatively transferred
into 25 ml calibrated flasks.

Instrumentation

Inductively coupled plasma — mass spectro-
metry (ICP-MS) was applied for analyzing the
content of As in moss samples. For [CP-MS meas-
urements a SCIEX Perkin Elmer Elan DRC II

(Canada) inductively coupled plasma mass spec-
trometer with quadruple and single detector setup
was used. The instrumental parameters are given
by Baceva et al. (2012).

Mapping

Universal kriging with the linear variogram
interpolation method (Davis, 1986) was applied for
the construction of maps showing the spatial dis-
tribution of As, as well as map displaying the dis-
tribution of this element in soil (Beelen et al.,
2005). The basic grid cell size for interpolation
was 500 x 500 m. For class limits, the percentile
values of distribution of interpolated values were
chosen. Four classes at the following percentiles
were selected: 0-25, 25-50, 50-75, and 75-100.

Geologica Macedonica, 27 (1), 5-11 (2013)
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RESULTS AND DISCUSSION
Descriptive statistics and map of distribution descriptive statistics are given in Table 1 and the
of arsenic was made, from data obtained from map of distribution is presented on Fig. 4.

analyses of arsenic in moss samples. Data from the

Table 1
Basic descriptive statistical parameters (n = 38)
Unit Dis Xa Md Xg Min Max P10 P90 Sa Sg cv A E
mg kg™ Log 0.46 0.38 0.41 0.22 13 0.25 0.77 0.23 0.038 51 0.67  -0.17

n — number of moss samples; Xa — arithmetical mean; Xg — geometrical mean; Md — median; Min — minimum; Max —
maximum; P10 — 10 percentile; P90 — 90 percentile; Sa — arithmetical standard deviation; Sg — geometrical standard
deviation; CV — coeficient of diffraction; A — skewness; E — kurtosis
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Fig. 4. Spatial distribution of arsenic
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The content of arsenic in moss samples from
the territory of Bitola and its environs vary be-
tween 0.22 mg kg and 1.3 mg kg ' with the me-
dian value of 0.38 mg kg™'. The highest content of
arsenic, 1.3 mg kg™, was found in the moss sample
collected from sampling point in the vicinity of
REK “Bitola” in the municipality of Novaci. This
high content is a result of operation with open pit
brown coal and thermoelectric power plant and
was illustrated by distribution of As (Fig. 4). Arse-
nic can be used as a main “marker” of pollution
which was consequence of coal mining activities
and later to the thermoelectric power plant. Moss
samples are very well established medium for
biomonitoring (Barandovski et al., 2008) clearly
identified the areola of As at southern part of
Pelagonia. The areola has a bit elongated shape,
influenced by local winds (Figs. 2 and 4). Some
particularly high concentrations in the western part
of study area were showing natural distribution of
this element.

The obtained results were compared with
those obtained for the content of arsenic in moss
samples collected from the whole territory of the

Table 2

Republic of Macedonia and from some neigh-
bouring countries (Albania, Bulgaria and Serbia)
as well as with the median value for arsenic in
moss from Europe (Table 2). Thus, the median
value for As in this study of 0.38 mg kg™ (ranges
from 0.22 mg kg ' to 1.3 mg kg'), was 1.8 times
smaller then the value of 0.69 mg kg for Mace-
donia from the studies in 2005 and 2010 (Baran-
dovski et al., 2012; Harmens et al., 2013). This
higher value of As content in Macedonia is due to
the air pollution from mining and metallurgical ac-
tivities as well as natural occurrences of arsenic in
some regions in the country (Barandovski, 2008,
2012; Stafilov et al., 2010) However, the median
value of As in moss samples from the studies area
is very similar to the median value of arsenic in
European mosses (Harmens et al., 2013). Compa-
ring with the medians from the neighbouring
countries it can be seen that the median for the
studied area is higher than those in moss samples
from Albania (0.24 mg kg™') confirming that it’s
present is due to the coal processing in the thermo-
electrical power plant near Bitola, but much lower
that those for Serbia (1.41 mg kg") (Table 2).

Comparison of median (Md), minimal (Min) and maxinmal (Max) values of arsenic obtained
in the present study with those obtained in similar studies in the Republic of Macedonia, Bulgaria, Serbia,
Albania and Europe (in mg/kg)

Bitola, 2010 Macedonia, 2005 Macedonia, 2010 Bulgaria, 2010/2011 Serbia, 2005  Albania, 2010 European moss survery

(this work)  (Barandovski et (Harmens et al.

(Harmens et al.,
al., 2005) 2013) 2013)

(Harmens et al. (Harmens et al., 2005/2006 (Harmens et
2008) 2013) al., 2008))

Md min—max Md min-max Md min—-max Md

0.38 0.22-1.3 0.68 0.184.3 0.69 0.08-3.30 0.63

min—max Md min-max md min—max Md

0.15-10.8 1.41 0.22-21.6 0.24 0.04-2.20 0.42

min—max

0.10-9.36

CONCLUSION

In this study the moss biomonitoring technig-
ue was used for assessment of the arsenic distribu-
tion in the air in Bitola region. The content of arse-
nic in moss samples from the territory of Bitola
and its environs vary between 0.22 mg kg and 1.3
mg kg™ with the median value of 0.38 mg kg
The highest content of arsenic, 1.3 mg kg, was
found in the moss sample collected from sampling

point in the vicinity of thermoelectric power plant
“Bitola” near the city of Bitola. This high content
is a result of operation with open pit brown coal
and thermoelectric power plant and was illustrated
by distribution of As. Arsenic can be used as a
main “marker” of pollution which was consequen-
ce of coal mining activities and later to the ther-
moelectric power plant.
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Pesume

BUOMOHUTOPHUHI HA 3ATAAYBAIBETO HA BO3JYXOT CO APCEH BO BUTOJIA
N HEJ3UHATA OKOJIMHA, PEITYBJINKA MAKEJOHHNJA
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Knyunn 360poBu: 3aragyBame Ha BO3AYXOT; apceH; OMOMOHHTOPHHT co MoB; butona; Makenonuja

Co men 1a ce yTBpIH aHTPOIIOTCHOTO BJIMjaHUE Ha ap-
ceH BO rpanoT burona u HeroBata okonuHa, PemyOnmuka Ma-
KeZoHHWja, Oelle MpuMeHeTa TeXHHKa Ha OHOMOHHUTOPHHI CO
MoB. [Ipumepouute ox MoB Gea coOpanu of 38 ynokauuu Ha
noBpunHEa 01 1400 km? Bo TekoT Ha neToTo M ecenrta 2010
roxuHa. ApceHOT Oelle aHAIM3HpaH CO IPUMEHA Ha MHIYK-
THBHO CIIpeTrHaTa Iua3Mma co maceH cnekrpomerap (ICP-MC).
JloOuenute pe3ynraty 3a 0BOj €IEMEHT Ce CTaTHCTHIKH 00pa-
060TeHH ¥ BpP3 OCHOBA Ha TOA € HalpaBeHa KapTa Ha IIPOCTOpPHA
nuctpubynuja 3a apceHoT. O KapTH Ha TUCTPUOYIHja MOXKE
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Jla ce YTBpJAT JIOKAIMHUTE CO MOBHCOKA COAPKMHA HAa apCeH.
V1BpaeHo e Jeka AuCTpuOyLHjaTa Ha apCeHOT ja OTCIMKYBa
paboraTa Ha pyIHHMKOT 3a JIUTHUT, KaKo U paboTaTa Ha TEpMO-
LIEHTpajiaTa 3a MPOM3BOJICTBO Ha ejekTpuuHa eHepruja PEK
"butona". JlobueHara BpeIHOCT Ha Me/MjaHaTa 3a COAPKUHA-
Ta Ha apcenot (0.38 mg kg™') Bo oBa HCTpakyBame € clope-
JIeHa CO MeJIfjaHuTe JOOMEHNU O] IPETXOAHH HCTPAXKyBamba 3a
nenara TepUTOpHja Ha MakeoHHja, Kako M 3a APYru OasikaH-
cku 3emju 1 EBpomna.



