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Introduction

The use of terrestrial mosses as biomonitors in large-scale multi-element
studies of heavy metal atmospheric deposition is a long established technique. The
moss technique (Rithling and Tyler, 1968), first introduced in Scandinavia, has
shown to be very suitable for studying the deposition of heavy metals as well as
other trace elements. It is now being used as part of monitoring programs for air
pollutants in most European countries (Riihling and Steinnes, 1998).

In the present paper the results of a systematic study of air pollution with
heavy metals and other trace elements in the northern part of Serbia is presented.
The moss technique was applied in Serbia in 2000 for the first time. This was done
to cover one more “white spot” on the heavy metal atmospheric deposition map of
Europe. Part of Bosnia was also covered by this survey. The most important results
to be expected from this study were as follows:

e identification of areas with high contamination levels to be considered for the
evaluation of environmental risk;

o establishment of possible consequences of the NATO military action during the
spring of 1999 on the environmental situation;

e creation of a database for continued studies at regular intervals;
establishment of a regional sampling network for future monitoring programs;
comparison of the environmental contamination levels in parts of Serbia with
other strongly polluted areas in Europe.

The northern part of Serbia is predominantly an agricultural region with a
couple of oil refineries, some chemical industries, and several coal-fired power
plants. The richest mineral resources and the most highly industrialized region are
located in the mountain part of Serbia, and are already known as a dominant
pollution source. A high concentration of industrial activity is clustered within a
limited geographical region in east Serbia, near the Romanian and Bulgarian
borders. The most important metal in this region is copper with associated elements
such as arsenic, zinc, selenium, indium etc.

During the NATO military action in the spring of 1999 the two largest
refineries and several chemical plants were damaged.! As a consequence of this
large amounts of pollutants were emitted to the atmosphere. The general influence of
these events on the environmental situation in the region, and possible consequences
of the associated emissions, have not yet been carefully investigated. This paper is
one of the first attempts to establish scientific facts relevant to the regional
environmental situation.

It is important to note that as consequence of the political situation in
Yugoslavia during the last ten years and the economic embargo forced on the
country, most of the Serbian industry either works at reduced capacity or does not
work at all. It now seems reasonable to expect considerable increase in industrial
activities in the years to come, and consequently increased negative influence on the
environment. The data presented in this paper may be used as a reference level for
comparison with future measurements of heavy metal pollution in the areas
considered.



Methodology

Study area and sampling

Samples of the moss Hypnum cupressiforme were collected during the
summer of 2000 according to guidelines described in detail elsewhere.> Epigeic
moss (growing on the ground) was sampled. The sampling sites were located at least
300 m from main roads and populated areas and at least 100 m from smaller roads or
single houses. From each sampling site, 5 to 10 sub-samples were taken within a 50
x 50m area and mixed in the field. The samples were collected with plastic gloves
and stored in clean plastic bags. Unwashed green parts of moss plants, cleaned and
dried at 40 °C, were taken for analysis. No further homogenization of the samples
was performed.

The location of the sampling sites are shown on the map in Fig.1. Marked on
this map are also some locations where oil refineries and other chemical industries
were bombed during the 1999 NATO military action.

Analysis

Moss samples of about 0.3 g were packed in aluminum cups for long-term
irradiation or heat-sealed in polyethylene foil bags for short-term irradiation in the
IBR-2 reactor, Dubna, Russia. The irradiation facilities used are briefly described in
Table 1. Elements yielding long-lived isotopes, 29 in all, were determined using the
Cd-screened channel 1 (Chl) (epithermal neutron activation analysis, ENAA).
Samples were irradiated for 5 days, re—packed, and then measured twice after 4-5
and 20 days of decay, respectively. Measurement time varied from 1 to 5 hours. To
determine the short-lived isotopes of Na, Mg, Al, Cl, K, Ca, Mn, Cu (66Cu) I, and Br
(®Br), channel 2 (Ch2) was used (conventional NAA). Samples were irradiated for 5
min and measured twice after 3-5 min of decay for 5-8 and 20 min, respectively.

Table 1. Flux parameters of irradiation positions

Irradiation position

Dy 102, nem? s

Dy, 102, nem?s™!

@y, -10'%, nem? 5!

E=0+ 0.55 eV E=0.55+ 10° eV E=10° + 25 10%V
Chl (Cd-screened) 0.023 3.31 4.23
Ch2 1.23 2.96 4.10

Data processing was carried out using software developed in FLNP JINR,
and element concentrations were determined on the basis of certified reference
materials and flux comparators.’ For long-term irradiation in Chl, single
comparators of Au (1pg) and Zr (10 pg) were used. For short-term irradiation in
Ch2 a comparator of Au (10 pug) was employed. Concentrations of elements yielding
long-lived isotopes were also determined using certified reference materials: SDM
sediment (International Atomic Energy Agency, Vienna), Montana Soil (NIST) and
moss DK-1, prepared for calibration of laboratories participating in the
corresponding 1990 survey in Northern Europe.*






Results and discussion

Mean values and concentration ranges observed for 39 elements in moss samples from
the northern half of Serbia and part of Bosnia are presented in Table 2, in companson w1th
correspondmg data from other hlghly polluted areas studied by the authors in Bulgana
Poland,’ Romania,” and Russia.® Data from the 2000 national deposition survey in Norway’
are also included in order to demonstrate typical values in moss from an area with generally
low levels of air pollutants. Isopleths for selected elements are shown in Figs. 3—6 in order to
demonstrate deposition patterns for some elements representing different sources and source
categories.

The moss data from Serbia were subjected to principal component factor analysis
(Varimax with Kaiser Normalization). Loadings for the first six factors are shown in Table 3.
These factors are interpreted as follows:

Factor I has particularly high loadings for Sc, Cr, Fe, REE, Hf, Ta, and Th. Also Na,
Co, Ni, W, and U are mainly associated with this component. These elements are all typical of
crustal material, and most probably this component at least in part reflects contamination of
moss samples with soil particles. In Northern Europe where the moss biomonitoring method
was first developed, epigeic mosses in most cases grow on a substrate (litter and raw humus)
composed mainly of organic material. At more southerly latitudes where decomposition of
organic matter goes faster the moss is more likely to pick up mineral soil particles. This
problem was also encountered in some other surveys where the authors took part, as indicated
by high median values for these lithogenic elements (cfr. Table 2). Under these circumstances
it becomes difficult to identify industrial and other anthropogenic sources for the elements
concerned. Still, when considering the geographical distribution of this component, as
exemplified by Sc and Fe (Fig. 2, it is likely that anthropogenic activities involving silicate
dust also contribute to Factor 1. One such activity is tilling of agricultural land. However, the
high levels of these elements predominantly in the highlands near the Romanian/Bulgarian
border and partly in the north near Becej (sites 8, 18, 24) indicate that industrial activities may
be a more important source.

Factor 2 is an exceptionally clear-cut industrial component, with very high loadings
for Cu, Zn, As, Se, Mo, Ag, Cd, In, Sb, and Au. These elements all show high levels at a
limited number of sites surrounding the town of Bor and low levels almost everywhere else,
as indicated in the case of Cu in Fig. 2. The main reason for the high pollution in this area is
non-ferrous metal industry in the «Copper Basin» near the Romanian/Bulgarian border.

Factor 3, like Factor 1, is characterised by some elements typical of crustal material
(Mg, Al, Ti, V). These elements are abundant in the same areas as those of Factor 1, but in
addition they show high values at some sites (6, 32, 37) near Novi Sad, as illustrated for V in
Fig. 2. Again a mixture of natural and anthropogenic sources is indicated.

Factor 4 contains Cs, Rb, and Sr. These elements are likely to be mainly of natuxal
origin, and their presence in the moss may be associated with the so-called «vascular pump»
whereby the elements are supplied to the moss by the action of adjacently growing higher
plants.
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Table 3. The results of FA for Serbia

1 | 2 | 3 | a4 ] 5 T s
Na 0.768 0.054 0.248 0.037 0.023 0.093
Mg 0.567 0.067 0.690 0.077 0312 -0.014
Al 0.598 0.200 0.686 0.074 0.101  -0.086
cl -0.038 -0.055 -0.029  0.013 0.867  -0.063
K 0472  -0.009 0125 0.071 0.658  -0.023
Sc 0.883 0.209 0.311 0.027 0.036  -0.009
Ca 0.011  -0126  0.135 0.015 0.800  -0.019
Ti 0.581 0.069 0.756 0.071 0.032 0.018
\' 0.608 0.296 0.672 0.045 0.090  -0.099
Ccr 0.931  -0039  0.076 0.027 0.099 0.051
Mn 0.039 0.018 0.110 0.111 0.020 0.070
Fe 0.882 0.270 0.178 0.020 0.049  -0.003
Co 0.664  0.247 0214  -0102  -0.058  -0.209
Ni 0.771 0.002 0.014  -0057 0058  -0.170
Cu 0030  0.963 0150  -0.013  -0.046  -0.063
Zn 0.105 0945  -0019  0.016 0.000 0.048
As 0.051 0.969 0.130 0111  -0.033  -0.074
Se -0.007  0.986 0.013 0.002  -0.006 -0.021
Br 0.148  -0.070  -0.124  0.032 0.026 0.852
Rb 0.712 0.044 0.073 0.555 0.009  -0.071
sr 0.181 0.214 0.057 0.824  0.109 0.139
Mo 0.003 0961  -0.014  0.022 0.014  -0.037
Ag 0016 0978 0012 0048  -0.039  -0.034
cd -0.086  0.873 0140 0021  -0085  -0.117
In 0.003 0.956 0.164  -0.031  -0.080  -0.035
Sb 0.042 0.947 0.063 0253  -0.045  -0.034
1 0.328  -0064 0076 -0035 -0.188  0.680
Cs 0104  -0.025  0.035 0946  -0.029  -0.088
Ba 0644  0.018 0.089 0.201 0.040 0.182
La 0.950 0.004 0.102 0.002 0.005 0.127
Ce 0935 0059  0.111 0.093 0.054 0.168
Nd 0.893  -0120 0150  -0.010  0.003 0.140
Eu 0.898  -0.075  0.006 0.127 0.010 0.064
Tb 0.822 0.046 0.152 0.047 0.097 0.228
Lu 0714 0003 0029 0017  -0.053  -0.056
Hf 0.855  -0.021 0.098 0.084 0.029 0.300
Ta 0.947  -0041  0.057 0.041  -0019  0.128
w 0.749 0.137 0.112 0.301 0.108  -0.038
Au 0.066 0941  -0.030 -0.004 0.014 0.095
Hg 0.327 0.549  -0223  -0.071  0.032 0.056
Th 0930  -0.046  0.096 0.109 0.112 0.190
u 0.872 0.114 0.075 0.095  -0.011  0.054

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.




Factor 5 with the highest loadings for Cl and Ca is most probably anthropogenic. One
possible candidate activity is the use of CaCl, on gravel roads during dry periods to reduce
dust problems.

Factor 6, characterised by Br and I, would typically be associated with atmospheric
deposition of aerosols influenced by processes in the marine environment.!! In this case
however the highest Br concentrations are typically observed in samples from an area in the
north of Serbia (sites 18, 24, 60, 83) very distant from the sea, and some industrial source is
therefore more likely.

As concerns the data from Bosnia, the number of samples was considered too small
for a valid factor analysis, and these data will therefore not be discussed in detail here. In
general the areas of Bosnia represented seem to be less influenced by air pollution by heavy
metals than the Serbian territory in question, as indicated by lower median values for elements
such as Fe, Co, Cu, Zn, As, Se, and Sb.

In the following some elements of particular interest are discussed one by one:

Chlorine

The chlorine concentration in Serbian mosses is very constant and the median value is
similar to those observed in other continental regions (Table 2). A few high values (sites 7,
37, 47) might be associated with emissions from chemical industries under normal operation
or damaged during the NATO military action. Sites 7 and 37 are located only several
kilometres from damaged industrial objects in Novi Sad and Pancevo. Another potential
source of high CI in samples of epigeic moss could be animal urine, but the samples
concerned do not show correspondingly high Na concentrations.

Vanadium

The median value of V in Serbia (and also in Bosnia) is similar to the corresponding
values from the neighbouring areas of Transilvania and Western Bulgaria. V in the present
material is most strongly correlated with Mg, Al, and Ti (Factor 3). The highest values
(Fig. 2) are observed in the “Copper Basin”, and one likely source is sulphuric acid
production where vanadium is used as a catalyst.

Vanadium and nickel are normally found in relatively high concentrations in crude oil,
and these elements are therefore often used as markers of fuel oil combustion in air pollution
studies (including moss surveys). The general correlation between V and Ni in this material is
only moderate (R=0.57), but at some sites (35, 41, 42, 61, 78, 85) high V content in the moss
are matched by Ni values of the same order. In two of these cases (61, 85) the sampling sites
are not far from industries damaged by the NATO bombs, and especially fires at the Pancevo
refinery appears to be a likely source in this case.

Iron

High iron concentrations in the moss are most often observed at sites associated with
Factor 1. In addition an area just south-east of Belgrade (sites 64, 72) shows elevated Fe level
(Fig. 2). Sample 64 is also very high in the light REE, whereas 72 is not particularly high in
any other element studied, and may be affected by an iron smelter in nearby Smederevo. Iron
is considerably higher in Serbia than in any of the areas shown in Table 2 for comparison,
with the exception of the neighbouring region Transilvania.
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Figure 2. Distribution maps of some heavy metals in moss samples from Serbia



Cobalt

The median and maximum values of cobalt in Serbian mosses are considerably higher
than corresponding values in other areas. High Co concentrations are observed near Bor (sites
12,66, 89), near the border with Romania (35, 41) and near the Smederevo iron smelter (72).
The highest Co value is for site 89 where none of the other elements studied show
correspondingly high values.

Nickel

The median concentration of Ni in Serbia (and Bosnia) is higher than in most of the
other areas shown in Table 2, but the maximum value is only 3—4 times the median. This
means that no strong point source for Ni exists in the area. A high correlation with Cr
(R=0.86) may be noted. Correlations with other elements are considerably weaker.
Association with Factor 1 indicates that the generally high Ni level in Serbia mainly reflects
the geochemistry of the area. Relatively high values at sites 4, 61, 77 and 85 might be from
fires at the Pancevo refinery, as mentioned above for V.

Copper

Non-ferrous metal industry in the «Copper basin» in east Serbia, near the Romanian
and Bulgarian borders, is a very strong source of air pollution. From Table 2 it is evident that
the copper deposition in the vicinity of Bor is comparable to some very polluted sites in other
countries. The copper deposition (Fig. 2) is mainly limited to an area within a distance of
about 50 km from Bor. So is also the deposition of a series of other elements characterised by
Factor 2 and showing very similar deposition patterns (Zn, As, Se, Mo, Ag, Cd, In, Sb, Au).
The deposition map for In is shown in Fig. 2 as an example. It is very clear that these
elements all are derived from the same source area. In the case of Se and Mo the maximum
values from Serbia are probably the highest ever recorded in moss samples used as
biomonitors of air pollution.

Bromine

The bromine values observed in this work are not particularly high compared to other
areas (Table 2). However, most of the high values (>10 pg/g) are concentrated in a relatively
limited area in the north (sites 18, 24, 60, 83) and it is reasonable to assume that they are due
to some industrial source.

Indium

To the knowledge of the authors this is the first time the atmospheric deposition of In
has been studied by the moss biomonitoring technique. this is mainly thanks to the very high
sensitivity offered by neutron activation analysis for the determination of In, in particular
when the epithermal variant is used. The In distribution in Fig. 2 appears almost identical to
that of Cu.

Antimony

In addition to the area around Bor there is some Sb pollution in western Serbia (Sites
46, 28). The source here is probably an antimony mine near site 46.
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Caesium

This element is normally observed in moss as a result of natural processes.!! In the
present material there is one obvious exception: the 18.2 pg/g value at site 46, which may also
be associated with the antimony mine.

Uranium

The U median value in Serbia is similar to the neighbouring areas of Romania and
Bulgaria, and the maximum value is just 3 times the median. That indicates a crustal origin of
this uranium, as also indicated by the high loading for U in factor 1. The present results do not
indicate any appreciable deposition of U due to possible use of depleted uranium in weapons
during the 1999 NATO military action.

Conclusion

From the presented results it can be concluded that atmospheric deposition of heavy
metals is a considerable problem in Serbia even at the current level of industrial activity. The
most obvious problems are present in the Bor region, where the maximum deposition levels
are observed not only for elements associated with the extraction of sulfide ores there, but
also for most elements which are representative of the general composition of the Earth’s
crust. Industrial sources are also evident in the northern and western parts of Serbia. It may
seem surprising that the factor analysis was not able to distinguish a separate component due
to coal fired power plants. However, elements such as As and Se, normally good markers of
emissions from coal burning, are so strongly dominated in the present material by the
emissions from the Bor industry that the contribution from power plants elsewhere in the
country would be very difficult to distinguish. Still it may be assumed that fly ash from coal
burning is a significant part of the strong «crustal» component evident from the factor
analysis.

Some trends possibly associated with the NATO military action in the spring of 1999
seem to be distinguishable, but they are not very evident on the top of a generally high
pollution load. This may seem surprising considering the fact that thousands of tons of crude
oil were set on fire and large amounts of combustion products of nitrogen, sulfur and carbon
were emitted. Using ENAA trace elements characteristic of crude oil such as V and Ni can be
determined in mosses. It is essential to have in mind however that the emission of vanadium
and other trace clements from refineries lasted only about 10 days. High concentrations of V
observed in moss samples from the copper basin on the other hand are the result of continuous
emissions over the last three years. It means that the NATO action may still have caused
substantial air concentrations of the mentioned elements in some places and subsequent
atmospheric deposition in nearby regions.
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®pontacseBa M. B. u nap. E18-2002-144
H3syuenue atMocdepHbIX BbIaXEHHIH TAXKENBIX METALIOB Ha TeppuTopuu Cepbun

¢ MIOMOLIBIO HEATPOHHOTO aKTHBALMOHHOIO aHANH3a MXOB-GHOMOHHTOPOB

u THUC-texHonoruit

TlpeacTasseHs! pe3y/ibTaThl 3KCIEPUMEHTATBHOIO HCCIENOBAHHA MXOB-GHOMOHHMTOpPOB, MC-
MOJNB3yEMBIX VIS U3y4eHHs aTMOCGEPHBIX BHITIANCHHHA TAXENbIX METAUIOB H APYTHX CJIEAOBBIX 3Jle-
MEHTOB B ceBepHoit yacT CepOuu M HEKOTOpBIX paiioHax BocHuu. OGpasusl Mxa Hypnum cupres-
siforme, Hapsjy ¢ HEKOTOPBIMH APYTHMH THIIaMH MXOB, ObUTH cobpansl B 92 Toukax sieroM 2000 r.
44 3nemeHTa OIIpeNie/leHbl METOAOM HHCTPYMEHTATLHOTO HEHTPOHHOTO aKTHBAIIHOHHOTO aHAIM3a
C HCIOJB30BaHUEM 3IUTEIUIOBBIX HeiiTpoHOB. HabmonaeMble YPOBHH KOHLIEHTPALMM 3/€MEHTOB
Cu, Zn, As, Ag, Cd, In, Sb B paiione r. Bop (Cepbusi) conocTasuMBI C YPOBHIMH KOHLICHTpali
9THX YTIEMEHTOB B APYTHX NpPOMBILUICHHBIX 061acTax, HanpuMep B MennoM Bacceiine (ITonsiua)
u Ha FOxHoM Ypane (Poccus). B aToM paiioHe oTMeYCHB! IPEAEIBPHO BBICOKHE KOHIIEHTPALUH 3J1e-
menToB Se H Mo. o pesynsraram hakTopHoro aHami3a sneMeHToB Fe u Ni npeacTapnsioT mouseH-
HyI0 KOMIIOHEHTY B CEPOCKHX MXaX, YTO CBA3aHO C BBIBETPMBAHHEM IIOBEPXHOCTHOTO CJIOS NOYB
(60NMBLIMHCTBO 06Pa3LOB MXOB OBUTH B3ATHI B CEJILCKOXO3MHCTBEHHBIX paHOHAX), a TAKXKE C BbIMajie-
HHSMH 3THX IEMEHTOB B MPOLIECCE CXUTraHUA YIVIA Ha aNeKTpocTaHmuAx. CoaepxaHue HEKOTOPBIX
3JIEMEHTOB BO Mxax (Harmpumep, Cl 1 V) MoXeT OBITh pe3y/IbTaTOM NEATELHOCTH PasIM4HBIX MPO-
MBILIIEHHBIX O0GBEKTOB, HO B HEKOTOPHIX paifoHaX BBICOKME KOHIICHTPALMH 3JEMEHTOB BO MXaXx,
BO3MOXHO, CBS3aHBI C MOXapaMH Ha HedTenepepaOaTHIBAIOIIMX 3aBOAAX B Pe3yNbTaTe BOCHHOM
onepauun HATO Ha Teppuropun Cep6un B 1999 r.

Pa6ora BeinonHena B JlaGopatopun HeitrpoHHoil ¢usuku uM. H. M. ®panka OWSIH.

Hm*nﬂr OGBenMHEHHOTO HHCTHTYTa SCpPHBIX HccnenoBanuid. dy6Ha, 2002
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Frontasyeva M. V. et al. E18-2002-144
Atmospheric Deposition of Heavy Metals in Serbia Studied

by Moss Biomonitoring, Neutron Activation Analysis

and GIS Technology

The results of a pilot study on atmospheric deposition of heavy metals and other trace ele-
ments using the moss biomonitoring technique in the northern part of Serbia and some areas
of Bosnia are presented. Samples of Hypnum cupressiforme along with some other moss types
were collected at 92 sites during the summer of 2000. A total of 44 elements were determined
by instrumental neutron activation analysis using epithermal neutrons. The observed levels of Cu,
Zn, As, Ag, Cd, In, Sb, etc. in the area surrounding the town of Bor (Serbia) are comparable
to those reported from similar industrial areas in other countries such as the Copper Basin
in Poland and the South Urals of Russia. In the same region the maximum Se and Mo concentra-
tions are the highest ever recorded in biomonitoring studies using mosses. High median concentra-
tions of Fe and Ni in Serbian mosses are associated with a crustal component as apparent from fac-
tor analysis of the moss data. This component could be a result of windblown soil dust (most
of the samples were taken from agricultural regions) or deposition of ash from coal-burning power
stations. Some specific elements such as Cl and V may originate from known industrial sources,
but at certain places high values in the moss samples are suspected to be associated with fires in oil
refineries damaged during the 1999 NATO military action.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.
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