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Abstract - In the present study, the deposition of three heavy metals (Cd, Co and Cr) in the county of Obrenovac (Ser-
bia) is determined using four moss taxa (Bryum argenteum, Bryum capillare, Brachythecium sp. and Hypnum cupressi-
forme) as bioindicators. Distribution of average heavy metal content in all mossesin the county of Obrenovac is present-
ed in maps, while long term atmospheric deposition (in the mosses Bryum argenteum and B. capillare) and short term
atmospheric deposition (in the mosses Brachythecium sp. and Hypnum cupressiforme) are discussed and in tables. Are-

as of the highest contaminations are highlighted.
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INTRODUCTION

Surveillance of heavy metalsin mosseswasoriginally es-
tablished in the Scandinavian countries in the 1980s.
However, the idea of using mosses to measure atmos-
pheric heavy metal deposition was developed aready in
thelate 1960s(Rhuling and Tyl er,1968; Tyl er,
1970). It is based on the fact that mosses, especialy the
carpet-forming species, obtain most of their nutrients di-
rectly from precipitation and dry deposition. Nowadays,
this method iswidely used in many countries (Schaug
etal., 1990; Sérgio etal,1993; Kui kandWol -
terbeek, 1995 Berg and Steinnes, 1997z
Pott andTurpin, 1998, Sucharova andSu-
chara,1998; Grodzinska etal, 1999; Tsak -
ovski etal. 1999; Fernandez etal., 2000, 2002;
Gerdol etal.,2000;Loppi andBoni ni, 2000;
Figueira etal., 2002, Schilling andL eh-
man, 2002; Salemaaetal., 2004, Pefiuel as and
Filella,2002; Cucu-Man etal., 2002). Mosses
have also been used to analyze contaminants spreading
around therma power plants (Tongucg, 1998; Car -
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balleira andFernand ez 2002) or oil-fired pow-
erplants(Genoni etal., 2000).

Moreower, some bryophytes are known to be heavy
metal bioindicators of heavy metalsin their environments
(Samecka—-Cymermanetal., 1997; Onian-
wa,2001; Nimis etal., 2002; Cuotoetal., 2003;
Schroder andPesch, 2004) and are often used in
environmental monitoring (Rasmussen andAn-
dersen,1999; Giordano etal.,,2004;Cuny et
al., 2004; Gstoettner andFisher, 1997, Zech-
meister etal., 2005).

In the present investigations, we decided to use two
acrocarpous moss species (Bryum argenteum Hedw. and
Bryum capillare Hedw.) that can give us an idea of long
term atmospheric deposition, inasmuch as they are at-
tached to the substrate and also accumulate metals de-
posed during the last few decades in the surface layers of
substrate. In addition, some other Bryum species are con-
sidered from the standpoint of trace metal deposition
(Schintu etal., 2005).
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Two pleurocarpous taxa (Brachythecium sp. and Hy-
pnum cupressiforme Hedw.) were used to scan short term
atmospheric deposition of heavy metals, considering that
these taxa are not strongly attached to the substrate and
accumulate mostly from precipitation (Thoéni et al.,
1996; Faus—K essler etal.,, 2001; Fernandez
andCarballeira,2001;, Cuoto etal., 2004).

Mosses are better than other higher plants in scan-
ning heavy metal deposition because: they are perennial
without deciduous periods, they have high cation ex-
change capacity that allows them to accumulate great
amounts of heavy metals between the apoplast and sym-
plast compartments without damaging vital functions of
thecells(V asquez etal., 1999). One of the main fac-
tors influencing cation exchange capacity is the presence
of polygalacturonic acids on the external part of the cell
wall and proteins in the plasma membrane (A cet o et
al., 2003). Mosses do not possess thick and strong protec-
tive layers like cuticles. More about hyperaccumulation
in plants and moss metal accumulation peculiarities can
befoundin Prasad and Freitas(2003). Bryum ar-
genteum has aready been shown to have specia metal
accumulation peculiarities (A ceto etal., 2003; Vuk -
ojevi¢ etal., 2005).

Also, thistime-integrated way of measuring patterns
of heavy metal deposition from the atmosphere to terres-
trial ecosystems, besides being spatially oriented, is eas-
ier and cheaper than conventional precipitation analyses,
asit avoids the need for deploying large numbers of pre-
cipitation collectors. The higher trace element concentra-
tion in mosses compared to rain water makes analysis
more straightforward and less prone to contamination
(Berg andSteinnes, 1997b).

Use of mosses to investigate heavy metal deposition
shows transboundary heavy metal pollution and can indi-
cate the paths by which atmospheric pollutants enter from
other territories or reveal their sources within the investi-
gated area.

Although 15 heavy metals were analyzed in al, on-
ly deposition and distribution of cadmium, cobalt and,
chromium are treated in the present study, due to limita-
tion of space. The presence and distribution of aluminum,
arsenic and boron in the county of Obrenovac as screened
by mosses were considered in an aready published paper
(Sabovljevi¢ etal. 2005).

The content of cadmium in the Earth’s crust is esti-
mated to be 0.13 g/t. Pure cadmium minerals are very
rare. In nature it usually occursin minerals together with
zinc. Cadmium is obtained as a collateral product in zinc
production, and this accounts for more than 95% of all its
production (Stoeppler, 1991). Yearly production is
ca. 20000t (M etallgesellschaft, 1993). Cad-
mium iswidely used in ship and vehicle manufacturing to
protect steel plating from corrosion, aswell asin produc-
tion of nickel-cadmium batteries. It is used as a neutron
absorber in photocells and in nuclear technologies. Ow-
ing to its high toxicity in the environment, the use of cad-
mium has decreased slightly in the last decades
(Treub, 1996).

Plants (cultivated or wild) accumulate cadmium in
high quantities. The roots and | eaves suffer most from ac-
cumulation of cadmium, which causes abnormal devel-
opment, necrosis, and death (B er gman n, 1988). Small
quantities of cadmium are extremely toxic for humans
and animals. Cadmium replaces zinc in zinc containing
enzymes, which causes Itai-1tai disease with lethal conse-
guences. The chronic presence of cadmium binds calci-
um out of bones, causing osteoporosis. In addition, it
causes high blood pressure and has cancerogenic, mutag-
enic, and teratogenic effects (M er i an, 1984).

Emission should not exceed 0.1 mg/mé, and maxim-
mum permissible values are 1.5 ng/m?® in terrestrial eco-
systems, 0.1 mg/l in water, and 0.005 mg/l in drinking
water (Thoni andSeitler, 2004).

Cobalt is present in the Earth’s crust in quantities 18
o/t and together with scandium isthe rarest element in its
upper layers. This heavy meta is a collateral product in
production of nickel, cupper andlead (Greenwood
and E ar nshaw, 1988). The yearly production is ca.
24300t (M etallgesellschaft, 1993). Cobatis
widely used in the alloy tungsten carbide, and some 10 %
of produced cobalt is employed in the making of perma
nent magnets. The rest of produced cobalt is used in the
ceramics and paint industries (T r e u b, 1996). Cobalt is
present in traces in the air. In supstrata and water emis-
sion ishighly present and can form sediments. Anthropo-
genic emission isca. 4400t and natural ca. 7000t (L an -
tzy andM ackenzie, 1979). Although cobalt is es-
sentia for humans, animals, and plants, especialy as a
component of vitamin B12, in higher quantitiesit is tox-
ic. In humans and animals cobalt dust and salt cause can-
cer, while in plants only very high concentrations cause
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abnormalities (M eri an, 1984; B er g man n, 1988).
The emission limit is 1 mg/m3 and 0.5 mg/l in water.

Chromium is one of the most widely present ele-
ments in the Earth’s crust. It is extensively used for
chromization, in engineering, and in the manufacture of
vehicles, airplanes, chemicals, etc. The yearly production
isca. 13milliontons(M etal lgesellschaft, 1993).
Emission of chromium in both air and water occurs at the
highest rate in the metallurgy industry. A certain part of
chromium emission (Cr(V1)) comes from the cement and
concrete industry.

The toxic effect of chromium to plantsis known on-
ly from ex vivo experiments (Schef fer and
Schachtschabel, 1984). For animas and hu-
mans, chromium is an essential element. It is known for
itsrolein insulin effects (glucose tolerance factor), which
occur due to the role of chromium in glucose exchange.
The effects of Cr(I11) and metalic Cr are not precisaly
known, but Cr(VI) complexes cause acute and chronic
toxicity. Chromate and dichromate from cement can be
severely toxic. Chromium dust and/or acidic deposition
can cause lung cancer (M eri an, 1984). Emission tol-
erated by law is 5 mg/m3. The limit of chromium in soil
is 50 mg/kg. In water it is 2 mg of all Cr/l [(0.1 mg
Cr(VD/N], while in drinking water it is 0.02 mg Cr(VI)/I.

MATERIAL AND METHODS

The acrocarpous mosses Bryum argenteum and
Bryum capillare were used to research long-term atmos-
pheric deposition, while the pleurocarpous Brachytheci-
um sp. and Hypnum cupressiforme were used to scan
short term atmospheric deposition in the county of
Obrenovac (Serbia). Hypnum cupressiforme is one of the
standard species used in Europe to survey heavy meta
deposition survey (B u se et al., 2003), while the other
three are standard in Europe, but do not grow in this re-
gion. In estimating which other species are eligible for
use in monitoring heavy metal deposition, we relied on
the experience of Th o ni (1996), Herpin et al.
(1994), Siewers andHairpin(1998), Zech-
meister (1994), and R 0 s5(1990).

As for as possible, moss sampling was conducted
according to guidelines set out in the experimenta proto-
col for a survey performed in 2000/2001 (UNECE,
2001). Details of the procedure aregiveninRuhling
et al. (1998).

Each sampling site was located at least 300 m from
main roads and populated areas and at least 100 m from
any road or single house. In forests or plantations, sam-
ples were collected in small open spaces to preclude any
effect of canopy drip. Sampling and sample handling
were carried out using plastic gloves and bags. About
three moss samples were collected from each site. Dead
material and litter were removed from the samples. Green
parts of mosses were used for the analyses.

The county of Obrenovac was chosen for thisinves-
tigation because of its industry and location.

Each sampling site was GPS located with a preci-
sion of +10m, and GPS data (Germin) were digitalized
on the maps using the following softwares: OziExplorer
3.95.3b, © D&L Software Pty. Ltd.; and WinDig 2.5
Shareware, © D.Lovy.

All material was collected during November of
2002.

Not more than one site was chosen in a 50x50 m
square. Seventy-five localities were chosen out of 129 for
comparison and further analyses. The selection was
based on the presence of al investigated species and
yearly biomass.

More than 500 samples were analyzed.

After collecting, samples were dried as soon as pos-
sible in a drying oven to constant dry weight (dw) at a
constant temperature of 35°C, then stored at -20°C.

Following homogenization in porcelain, the samples
were treated with 5+1 parts of nitric acid and perchloric
acid (HNO,:HCIO, = 5:1) and Ieft for 24 hours.

After that, aKjeldatherm digesting unit was used for
digestion at 150-200°C for about one hour. Digested sam-
ples were filtered on qualitative filter paper to dispose of
silicate remains, and volume of the samples was then nor-
mated to 50 ml.

Cadmium, cobalt, and chromium were detected by
AAS on a Pye Unicam SP9 atomic absorbance spectro-
photometer from Philips using the flame of acetylene/ni-
trogen-suboxide.

For explanation of the results and their map presen-
tation, the following statistical parameters were used: av-
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Fig. 1. Maps of the county of Obrenovac showing sampling sites (a) and extrapol ated maps of average deposition of selected elementsin
mosses (b). 1. cadmium deposition 2. cobalt deposition 3. chromium deposition.
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Table. 1. Deposition of Cd, Co and Cr in the county of Obrenovac screened by mosses.
Abbreviations: H.c. — Hypnum cupressiforme, Bra. — Brachythecium sp., B.c. — Bryum capillare, B.a.
— Bryum argenteum

Locality and species Cd Co Cr
Sample No. sampled Longitude | Latitude | (mg/g) | (mg/g) | (mg/g)
1 Vinogradi H.c. 20.163702 | 44.391758 | 0.0103 [ 0.0217 | 0.0000
2 Mo&anical H.c. 20.183672 | 44.384249 | 0.0131 [ 0.1377 | 0.0000
3 Iskral B.c. 20.155235 | 44.392722 | 0.0068 [ 0.0048 | 0.0790
4 Iskra2 B.a 20.152826 | 44.393284 | 0.0061 [ 0.0346 | 0.0315
5 IskralH.c. 20.155235 | 44.392722 | 0.0079 [ 0.0000 | 0.0000
6 Iskra2 B.c. 20.152826 | 44.393284 | 0.0038 [ 0.0295 | 0.0403
7 Rvati 1 B.c. 20.118796 | 44.396930 | 0.0192 [ 0.0589 | 0.0448
9 DeponijaB entr. 1 B.c. 20.023331 | 44.383735 | 0.0061 [ 0.0514 | 0.0490
10 ZabreZje 1 B.c. 20.121273 | 44.411245 | 0.0082 [ 0.0206 | 0.0377
11 Use2 B.c. 20.066441 | 44.419235 | 0.0055 [ 0.0427 | 0.0779
12 Vinogradi B.c. 20.163702 | 44.391758 | 0.0027 [ 0.0000 | 0.0421
13 Iskral B.a 20.155235 | 44.392722 | 0.0054 [ 0.0405 | 0.0675
14 U&e2 H.c. 20.066441 | 44.419235 | 0.0041 [ 0.0555 | 0.0411
15 U&kel B.c 20.070343 | 44.414738 | 0.0095 [ 0.0622 | 0.0000
16 Urozv Bra 20.079770 | 44.389043 | 0.0070 [ 0.0590 | 0.0538
17 ZabreZje2 H.c. 20.133796 | 44.408293 | 0.0095 [ 0.0386 | 0.0293
18 Oraac1l H.c 20.021819 | 44.336717 | 0.0046 [ 0.0385 | 0.0176
19 Hoted B.a 20.127451 | 44.394049 | 0.0025 [ 0.0504 | 0.0542
20 Mostanical H.c. 20.183672 | 44.384249 | 0.0061 [ 0.0192 | 0.0000
21 Grabovac 1 H.c, 20.046934 | 44.359997 | 0.0039 [ 0.0217 | 0.0132
22 éab.put nadv. B.c. 20.094085 | 44.391367 | 0.0120 [ 0.0756 | 0.0971
23 Vrani¢ H.c. 20.152122 | 44.347529 | 0.0029 [ 0.0326 | 0.0223
24 Jasenak 2 Bra 20.156246 | 44.360071 | 0.0036 [ 0.0658 | 0.0520
25 Drenl Bra 20.023224 | 44.358238 | 0.0040 [ 0.0451 | 0.0343
26 Veliko Polje 1 H.c. 20.108648 | 44.365954 | 0.0102 [ 0.0430 | 0.0000
27 Grabovacl B.c. 20.046934 | 44.359997 | 0.0028 [ 0.0234 | 0.0000
28 Belo Polje 1 B.c. 20.118064 | 44.382783 | 0.0039 [ 0.0606 | 0.0704
29 Brovi¢ 1 B.c. 20.072201 | 44.335108 | 0.0034 [ 0.0379 | 0.0231
30 Ljubini¢ 2 Bra 20.026762 | 44.334832 | 0.0278 [ 0.0335 | 0.0183
31 Hotel H.c. 20.127451 | 44.394049 | 0.0049 [ 0.0560 | 0.0551
32 Grabovac1 Bra 20.046934 | 44.359997 | 0.0032 [ 0.0365 | 0.0333
33 Ljubini¢ 2 B.c. 20.026762 | 44.334832 | 0.0034 [ 0.0484 | 0.0364
4 Veliko Polje4 H.c. 20.109057 | 44.341908 | 0.0028 [ 0.0371 | 0.0536
35 Zabran3 H.c. 20.137615 | 44.396905 | 0.0035 [ 0.0256 | 0.0000
36 Zabran1 H.c. 20.139396 | 44.398268 | 0.0055 [ 0.0283 | 0.0329
37 Ora%ac3 H.c. 20.016612 | 44.343855 | 0.0382 [ 0.0877 | 0.0000
38 Ora%c?2 H.c 20.020860 | 44.340639 | 0.0027 [ 0.0320 | 0.0195
39 Zabran2 B.a 20.142377 | 44.401672 | 0.0035 [ 0.0220 | 0.0201
40 Belo Polje 1 B.a 20.118064 | 44.382783 | 0.0046 [ 0.0481 | 0.0614
41 OraSac2 Bra 20.020860 | 44.340639 | 0.0025 [ 0.0248 | 0.0323
42 Ljubini¢ 1 Bra 20.037630 | 44.322132 | 0.0029 [ 0.0422 | 0.0330
43 Grabovac B.a 20.092788 | 44.365167 | 0.0024 [ 0.0393 | 0.0410
44 JoSeva H.c. 20.060545 | 44.310742 | 0.0071 [ 0.0631 | 0.0518
45 Brovi¢ 2 Bra 20.088929 | 44.318537 | 0.0043 [ 0.0365 | 0.0392
46 Jaenak 2 B.a 20.156246 | 44.360071 | 0.0043 [ 0.0352 | 0.0355
47 Garbovac Bra 20.092788 | 44.365167 | 0.0080 [ 0.0759 | 0.1032
48 Bajevac1 B.c. 20.152044 | 44.340743 | 0.0052 [ 0.0573 | 0.0669
49 JoSeva B.c. 20.060545 | 44.310742 | 0.0037 [ 0.0472 | 0.0351
50 Jo%eva Bra 20.060545 | 44.310742 | 0.0050 [ 0.0387 | 0.0287
51 EPS B.c. 20.120401 | 44.388845 | 0.0058 [ 0.0288 | 0.0211
52 Konaticell Bra 20.148928 | 44.337410 | 0.0093 [ 0.0561 | 0.0532
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Locality and species Cd Co Cr
Sample No. sampled Longitude | Latitude | (mg/g) | (mg/g) | (mg/g)
53 Zabranl B.a 20.139396 | 44.398268 | 0.0055 [ 0.0167 | 0.0305
54 Midodinl 1 Bra 20.136579 | 44.383096 | 0.0069 [ 0.0513 | 0.0469
55 Brovi¢ 1 H.c. 20.072201 | 44.335108 | 0.0072 [ 0.0242 | 0.0442
56 Midodin4 H.c. 20.134067 | 44.369616 | 0.0042 [ 0.0219 | 0.0320
57 Stubline2 H.c. 20.091649 | 44.345095 | 0.0113 [ 0.1006 | 0.1256
58 Konaticel B.c. 20.162150 | 44.316265 | 0.0044 [ 0.0221 | 0.0314
59 Zabran3 B.a 20.137615 | 44.396905 | 0.0079 [ 0.0155 | 0.0282
60 Jasenak  H.c. 20.143804 | 44.365736 | 0.0057 [ 0.0336 | 0.0569
61 Konatice2 B.a 20.155831 | 44.322960 | 0.0081 [ 0.5012 | 0.0936
62 Veliko Polje4 B.c. 20.109057 | 44.341908 | 0.0044 [ 0.0480 | 0.0875
63 Midodin 1 Bra 20.133857 | 44.387041 | 0.0057 [ 0.0424 | 0.0722
64 Veliko Polje 3 B.c. 20.106117 | 44.344670 | 0.0199 [ 0.0681 | 0.0777
65 Konaticell B.c. 20.148928 | 44.337410 | 0.0051 [ 0.0573 | 0.0747
66 Midodin6 B.a 20.164676 | 44.371027 | 0.0003 [ 0.0028 | 0.0102
67 Stubline1 H.c. 20.086353 | 44.357185 | 0.0068 [ 0.0482 | 0.0480
68 Sabac road B.a 20.094085 | 44.391367 | 0.0064 [ 0.0631 | 0.0000
69 Drenl H.c. 20.023224 | 44.358238 | 0.0054 [ 0.0544 | 0.0331
70 Zabran2 B.c. 20.142377 | 44.401672 | 0.0036 [ 0.0533 | 0.0556
71 Baljevac2 H.c. 20.129432 | 44.342383 | 0.0046 [ 0.0451 | 0.0769
72 Midodin5 B.a 20.150813 | 44.367274 | 0.0048 [ 0.0422 | 0.0385
73 OraSac1 Bra 20.021819 | 44.336717 | 0.0043 [ 0.0383 | 0.0405
74 Konaticell H.c.. 20.148928 | 44.337410 | 0.0063 [ 0.0282 | 0.0285
75 Sabacraod 1 Bra 20.049094 | 44.396566 | 0.0069 [ 0.0487 | 0.0534
76 TENT<B 3 B.c. 20.003761 | 44.379624 | 0.0192 [ 0.1081 | 0.0658
77 Sabac road 1 H.c. 20.094085 | 44.391367 | 0.0069 [ 0.0251 | 0.0000
78 Ratari 2 Bra 20.058939 | 44.387315 | 0.0038 [ 0.0464 | 0.0053
79 TENT<B 1H.c. 19.593841 | 44.380930 | 0.0091 | 0.0328 | 0.0399
80 TENT<B 2 H.c. 20.010398 | 44.374841 | 0.0023 [ 0.0190 | 0.0208
81 Ratari 1 H.c. 20.065292 | 44.389672 | 0.0054 [ 0.0438 | 0.0355
82 U&e (Skela) B.c. 20.031781 | 44.409564 | 0.0025 [ 0.0839 | 0.0383
83 Ratari 2 B.a 20.058939 | 44.387315 | 0.0043 [ 0.0471 | 0.0605
84 TENT<B 4 Ba 20.005827 | 44.387162 | 0.0059 [ 0.0583 | 0.0347
85 TENT<B 2 Bra 20.010398 | 44.374841 | 0.0029 [ 0.0311 | 0.0441
86 TENT<B 1 Bra 19.593841 | 44.380930 | 0.0083 | 0.0399 | 0.0546
87 TENT<B 4 B.c. 20.005827 | 44.387162 | 0.0115 [ 0.0268 | 0.0392
88 TENT<B 3 B.c. 20.003761 | 44.379624 | 0.0060 [ 0.0414 | 0.0756
89 OraSac 1 Bra 20.021819 | 44.336717 | 0.0116 [ 0.0687 | 0.0198
90 U&e Bra 20.031781 | 44.409564 | 0.0099 [ 0.0998 | 0.1138
91 Sabac road 1 B.c. 20.049094 | 44.396566 | 0.0083 [ 0.0405 | 0.0673
92 TENT<B entr. Bra 20.002958 | 44.394451 | 0.0165 [ 0.0555 | 0.1183
93 Depoijal Bra 20.087035 | 44.407417 | 0.0093 [ 0.0442 | 0.0000
94 TENT<B2 B.c. 20.010398 | 44.374841 | 0.0042 [ 0.0119 | 0.1013
95 Konatice1 H.c. 20.162150 | 44.316265 | 0.0045 [ 0.0273 | 0.0529
96 Midodin6 Bra 20.164676 | 44.371027 | 0.0037 [ 0.0277 | 0.0337
97 Midodin 3Bra 20.136294 | 44.371922 | 0.0054 [ 0.0416 | 0.0380
98 Midodin6 B.c. 20.164676 | 44.371027 | 0.0046 [ 0.0475 | 0.0552
99 Jasenak 2 B.a 20.156246 | 44.360071 | 0.0071 [ 0.0421 | 0.0641
100 Mislodin 4 B.c. 20.134067 | 44.369616 | 0.0061 [ 0.0486 | 0.0513
101 Zabran 1 Bra. 20.139396 | 44.398268 | 0.0088 [ 0.0307 | 0.0337
102 Rojkovec 1 B.c. 20.117592 | 44.401807 | 0.0055 [ 0.0409 | 0.0533
103 Rojkovac 1 Bra 20.117592 | 44.401807 | 0.0104 [ 0.0473 | 0.0617
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Table. 1. Continued.

Locality and species Cd Co Cr

Sample No. sampled Longitude | Latitude | (mg/g) | (mg/g) | (mg/g)
104 Rvati 1 Bra 20.118796 | 44.396930 | 0.0139 | 0.0721 | 0.0493
105 Rojkovac 1 B.a. 20.117592 | 44.401807 | 0.0089 | 0.0748 | 0.0768
106 MoStanica3 Bra 20.175487 | 44.380355 | 0.0069 | 0.0578 | 0.0923
107 Razu Bra 20.065879 | 44.410726 | 0.0077 | 0.0432 | 0.0263
108 Uste3 Bra 20.084220 | 44.411524 | 0.0044 | 0.0361 | 0.0512
109 Duboko 3 H.c. 20.176888 | 44.391497 | 0.0051 | 0.0240 | 0.0351
110 ZabreZje 1 Bra 20.121273 | 44.411245 | 0.0097 | 0.0449 | 0.0298
111 Zabran 3 Bra 20.137615 | 44.396905 | 0.0037 | 0.0490 | 0.0630
112 MoStanica2 B.c. 20.180515 | 44.381400 | 0.0040 | 0.0478 | 0.0567
113 Razu B.a 20.065879 | 44.410726 | 0.0084 | 0.0407 | 0.0495
114 Rvati 3 Bra. 20.115276 | 44.395254 | 0.0045 | 0.0445 | 0.0581
115 TENT<A 1Bra 20.096950 | 44.402553 | 0.0063 | 0.0527 | 0.0722
116 Mo&anica3 B.c. 20.175487 | 44.380355 | 0.0085 | 0.0449 | 0.0820
117 ZabreZje 2 Bra. 20.133796 | 44.408293 | 0.0074 | 0.0500 | 0.0609
118 Urozv_ B.c. 20.079770 | 44.389043 | 0.0071 | 0.0335 | 0.0408
119 Depoijal H.c. 20.087035 | 44.407417 | 0.0028 | 0.0580 | 0.0635
120 Zabrezie2 B.a 20.133796 | 44.408293 | 0.0052 | 0.0436 | 0.0530
121 MostanicalB.c. 20.183672 | 44.384249 | 0.0043 | 0.0448 | 0.0622
122 Vinogradi B.a. 20.163702 | 44.391758 | 0.0056 | 0.0367 | 0.0315
123 Urozv. H.c. 20.079770 | 44.389043 | 0.0061 | 0.0375 | 0.0428
124 Razu H.c. 20.065879 | 44.410726 | 0.0040 | 0.0407 | 0.0433
125 Duboko 1 B.a 20.173260 | 44.398253 | 0.0021 | 0.0349 | 0.0383
126 Vinogradi Bra 20.163702 | 44.391758 | 0.0046 | 0.0257 | 0.0469
127 Duboko Bra 20.146281 | 44.397974 | 0.0081 | 0.0381 | 0.0557
128 TENT<A 1B.c. 20.096950 | 44.402553 | 0.0028 | 0.0191 | 0.0305
129 ZabreZje2 B.c. 20.133796 | 44.408293 | 0.0043 | 0.0454 | 0.0601
Median 0.0067 | 0.0470 | 0.0452

erage values, standard deviation, minimum, maximum,
and percent deviation. Map making and interpolation of
exact datawere done with Agis software (v1.71 32bite, ©
Agis Software, 2001).

RESULTS AND DISCUSSION

Since it was impossible to find all the sampled spe-
cies at any precise locality, the average of al specimens
is given in the map interpolation to get an idea of heavy
metal deposition in the county of Obrenovac (Fig. 1).
However, if we separate the val ues of deposition obtained
from pleurocarpous (Brachythecium sp. and Hypnum cu-
pressiforme) and acrocarpous (Bryum argenteum and
Bryum capillare) mosses, it can be clarly seen that the
first two give us an idea of short-term deposition and the
last two of long-term deposition (Table 1). This can be
easily explained in terms of the life forms of these moss-
es and their uptake of heavy metals. Pleurocarps are not

closely attached to the substrate and thus receive the bulk
of deposited heavy metals directly from the atmosphere
(during their pauciennial life period) while acrocarps are
dtrictly attached to substrata and get most of deposited
heavy metals by substrate solution (metals deposed from
the time that is longer than their paucienial life span).

Scanning of trace metal (Cd, Co, Cr) content in the
county of Obrenovac (W. Serbia) clearly shows that the
northwestern, western, and central parts are the most
loaded with these three metal's, as aresult of heavy indus-
try and intense traffic (Fig. 1). Also cadmium is deposit-
ed in somewhat higher amounts in the town of Obreno-
vac, cobalt in the southeastern part of the county, and
chromium in its eastern and southeastern parts.

Thus, moss analysisis shown to be avaluable meth-
od for monitoring atmospheric deposition of trace ele-
ments.
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JETEPMUHALIUJA JENO3ULMJIE TELIKUX METAJIA Y ONIITUHYU OBPEHOBAILL
(CPBHJA) KOPUIITREKEM AHAJIM3E MAXOBUHA KAO BUOUHIUKATOPA |1
KAJIMUJYM (Cd), KOBAJIT (Co) U XPOM (Cr)

B. BYKOJEBURY, M CABOBJBEBUR'*, AHETA CABOBJBEBURY, HEBEHA MUXAJJIOBURZ, TOPJAHA JIPAXKIRZ, u K. BYUMHUR?

Wncmumym 3a 6omanuxy, Buonowxu gaxyimem, Ynusepsumem y Beozpady, 11000 Beorpan, Cp6uja u Lpua T'opa
2MHETI, 11080 3emyHn, Cpbuja u Lipna T'opa
31Jenmap 3a mynmuducyuniunapue cmyouje, 11000 Beorpan, Cp6uja u Llpua T'opa
“Hec uncmumym 3a 6umnu 6uoousepsumem, Pajucku ynusepsumem ®pudpuxa Bunxerma, 53115 Bon, Hemauka

VY 0Boj cryauju neduHECaHA je ACTO3MIMja TPHU TelIKa genteum, Bryum capillare, Brachythecium sp. u Hypnum
meraina (Cd, Co u Cr) y ommuruan O6penosar (Cpouja) cupressiforme) kao 6GuonnMKaTOpa. YTBpheHe cy obnac-

Ha 06a3u aHaJM3e YeTHPH TakCcoHa MaxoBuHa (Bryum ar- TH Ca HajBHIIMM CTEIIEHOM KOHTaMHHalHje.



