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ABSTRACT

Technological procedure of extracting metals is being constantly modernised so that polluting of the
basic life resources is reduced. Emissions of waste gases and particulate matter are still present in
larger mining-metallurgical complexes. Mining-metallurgical complex Bor (RTB) exploits sulphide
copper ores, thus emitting acid sulphur gases and suspended particles with high content of Cu, Zn, Pb,
Ni, Cd etc. into the atmosphere. Plants show a direct response to the state of the air. Contents of heavy
metals and sulphur were analysed in leaves/needles of deciduous and evergreen trees, as well as in the
vegetables and fruits. Topsoil around the examined woody plants present a sort of collectors of
airborne pollutants.
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1. INTRODUCTION

The advantages of biomonitoring are the opportunity of long-term monitoring of pollution and easy
sampling without the use of expensive equipment [1]. Biomaterials such as fungi, lichens, tree bark
and leaves of higher plants have been used to detect the deposition, accumulation and distribution of
heavy metals and sulphur in the environment. Lower plants, especially mosses and lichens, due to their
higher capacity for metal accumulation, are probably the most frequently used in biomonitoring
surveys [2]. Which plant species will be used as passive bioindicators also depends on their
availability in the examined area. The most often used parts of higher plants are leaves/needles and
bark of spruce, birch, pine and oak [3-6].

This paper presents biomonitoring of heavy metals and sulphur in woody plants, vegetables and fruits
sampled in the area of Bor and its surroundings. Concentrations of heavy metals were also determined
in soil of woody plants.

2. METHODOLOGY

The study area is the Bor town and its surroundings (60 000 inhabitants), which is located in Eastern
Serbia. This region belongs to the Danube river basin. The climate of the study area is moderately
continental. Concerning the distribution of the polluting substances from the source to other areas,
wind is significant meteorological parameter [7].

The sampling sites were selected depending on the following factors: type of settlement (position and
number of residential units), distribution of the main traffic flows, meteorological and topographic
factors of the region, industrial zone, as well as the emission volume and type. The urban-industrial
zone (Ul) includes the sampling sites which are located from 0.5 km to 2 km from the dominant
source of pollution (copper smelter), and the rural zone (R) includes sampling sites in the rural
settlements from 2 km to 13 km [8].

The sampling of fresh plant material and soil in the quantity of 200 g is sampled at four outer sides of
a plant. All the samples were dried at room temperature during a period of fifteen days. The samples
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were then ground in a laboratory mill and griddled through 0.2-mm sieve. The dried samples were
measured in the quantity of 0.25 g, and dissolved with acidic mixture HNO3/30% H,0,/H,O (3/2/5),
using analytical grade reagents. Solutions were quantitatively transferred in 25 cm’ calibrated flasks,
diluted with double distilled water and analyzed by ICP-AES (model ,,Spektro Ciros Vision®) [9].

3. RESULTSAND DISCUSSION

The sampled vegetables were edible parts of potatoes, carrots, green beans, cucumber, tomato and
cabbage. Fruits, which are grown in the Bor area used for the analysis of heavy metals, were apple,
pear, apricot and peach. The mean values of the elements in fruits and tuber/roots, leguminous, leafy
and tomato/cucumber fruit are shown in Fig.1.
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Figure 1. The mean concentrations of (a) Pb, Cu, Mn, Zn, Ni and (b) sulphur in
tuber/roots, legumes, leafy and fruity vegetables and fruits

As can be seen in Fig.1a, the concentration of Pb was highest in fruits and tuber/root vegetables. Cu is
mostly taken up by tuber/root vegetables, then by fruits and leafy vegetables. Mean values of Mn and
Ni concentrations were lower compared to Cu and S in all the samples. Mn is mostly accumulated in
leafy vegetables, whereas Ni is accumulated in fruits mostly. The content of Zn was highest in
tuber/root vegetables and legumes, and the lowest in leafy vegetables (Fig.1a). Sulphur was most
accumulated in leafy vegetables in the quantity of 2959.8 mg kg and in fruity vegetables it was
2072.6 mg kg™ of dry matter (Fig.1b).

The decreasing orders of the determined element concentrations in the examined vegetables and fruit
samples are the following:

v" Tuber/root S>Cu>Zn>Pb>Mn>Ni
v' Legumes S>Cu>Zn> Mn > Pb > Ni
v' Leafy S > Cu>Zn>Mn>Pb > Ni
v" Tomato/cucumber fruit S>Cu>Zn>Mn>Pb>Ni
v Fruits S > Cu>Zn>Pb>Mn>Ni

From the orders, it can be concluded that in all the examined samples there is the highest quantity of S,
Cu and Zn. Apart from industry all these elements in the surrounding area can appear from artificial
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fertilisers and pesticides, in whose structure they are included. However, such high concentrations of S
are a consequence of the vicinity of the mining-metallurgical complex.

Compared to the results that were obtained by other authors, it can be concluded that fruits and
vegetables from our region contain high concentrations of particular elements, especially Cu and S
[10, 11].

Besides fruits and vegetables, bioaccumulation of heavy metals was examined in the leaves/needles of
five woody plants which grow on the territory of Bor. Concentrations of Cu, Pb, Zn and Mn in the
leaves/needles of birch, linden, acacia, pine and spruce in the urban-industrial and rural zone are
shown in Fig.2.

In the Ul zone, the highest concentrations of Cu and Pb were in the birch leaves, whereas the
concentrations of these heavy metals in the R zone were highest in pine needles. In the UI zone, the
highest content of Zn and Mn was in the linden leaves, and in the R zone it was in the birch leaves.
The needles of spruce contained the minimum Zn and Mn in the Ul zone. Concentrations of Mn in
linden leaves in the UI zone were ten times higher than in the R zone. The birch leaves in the Ul zone,
contained about eight times more Mn than in the R zone. The leaves of acacia in the Ul zone contained
about five times more Cu than in the R zone. All the concentrations of Cu, Pb, Zn and Mn in the
examined plant species were higher in the urban-industrial zone than in the rural, which indicates that
the mining-metallurgical complex has influence on the heavy metal content in birch, linden, acacia,
pine and spruce. By comparing the concentrations, it was determined that the foliar parts of five plant
species in the two examined zones contained Cu, Zn and Pb more than other parts of the plants. Based
on literature data it was determined that the leaves of acacia can be used as a bioaccumulator for Pb,
Cu and Zn [12]. Birch, linden, acacia, pine and spruce are not hyperaccumulators of Cu, Pb, Zn, and
Mn [2,13].
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Figure 2. Concentrations of Cu, Pb, Zn and Mn in leaves/needles of birch, linden, acacia, pine
and spruce in the urban-industrial (Ul) and rural (R) zone

Concentrations of heavy metals in soil of birch, linden, acacia, pine and spruce sampled in urban-
industrial and rural zone are given in Table 1.

Table 1. Concentrations of Cu, Pb, Zn and Mn in soil samples (ug g)

Cu Pb zZn Mn

Ul R Ul R Ul R Ul R
Birch 1760.1 371.2 370.5 95.3 244 .4 124.1 851.5 766.8
Linden 877.7 267.5 158.4 68.5 121.9 111.5 876.6 719.4
Acacia 605.3 265.1 70.2 50.1 248.2 195.7 / /
Pine / 489.9 / 87.5 / 137.5 / 842.6
Spr uce 1035.8 730.3 229.8 162.5 144.7 250.2 889.4 646.5
M AC? 100 100 300 not defined

2, The Official Gazette of Republic Serbia”, No. 23/94
“/” not sampled or determined
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It can be seen that all the concentrations of the studied metals were higher in the Ul compared to the R
zone, except for Zn in spruce soil. Concentrations of Cu in soil (for all plant species) were not within
the maximum allowable concentration (MAC) [14] in both zones. Pb concentrations were not within
the MAC in UI zone (except in soil of acacia), while in R zone only the concentration in spruce soil
was above the MAC. All the Zn concentrations were within the MAC. The highest Cu concentrations
in soil samples of birch, linden, acacia and spruce in Ul zone, might be a consequence of long-term
atmospheric deposition from mining-metallurgical complex.

4. CONCLUSION

The concentrations of Cu, Zn and S in vegetables and fruits, sampled at the sites in the rural zone,
were the highest, compared to Mn, Pb and Ni. The concentrations of heavy metals in leaves, needles
and soil of woody plants are higher at the sampling sites in the urban-industrial zone than in the rural
zone. Cu concentrations were the highest in soil and woody plants compared to other elements.
Presented results indicate that processing of sulphide copper ores has significant influence on plants
growing in the study area, and that mining and metallurgy present a big risk for the environment.

5. ACKNOWLEDGMENTS
The authors are grateful to the Ministry of Science of Serbia for financial support (Projects No. 46010
and 33038).

6. REFERENCES

[1] Serbula Snezana M., Miljkovic Dusanka Dj., Kovacevic Renata M., Ilic Ana A., Assessment of airborne
heavy metal pollution using plant parts and topsoil, Ecotoxicology and Environmental Safety, 76 (2012)
209-214.,

[2] Kabata-Pendias A., Pendias H. (2001). Trace Elements in Soils and Plants, third ed. CRC Press, Boca
Raton.

[3] Shparyk Y.S., Parpan V.I. (2004). Heavy metal pollution and forest health in the Ukrainian Carpathians,
Environmental Pollution, 130, 55-63.,

[4] Kozlov M.V. (2005). Sources of variation in concentrations of nickel and copper in mountain birch foliage
near a nickel-copper smelter at Monchegorsk, north-western Russia: results of long-term monitoring,
Environmental Pollution, 135, 91-99.,

[5] Aboal J.R., Fernandez J.A., Carballeira A., (2004). Oak leaves and pine needles as biomonitors of airborne
trace elements pollution, Environmental and Experimental Botany, 51, 215-225.,

[6] Alriksson A., Eriksson H.M., (2001). Distribution of Cd, Cu, Pb and Zn in soil and vegetation
compartments in stands of five boreal tree species in N.E. Sweden, Water, Air, and Soil Pollution, 1, 461—

475.,
[7] EIA Study — New Smelter and Sulphuric Acid Plant Project. University of Belgrade, Faculty of Metallurgy,
SNC Lavalin (2010).,

[8] Serbula S. M., Alagi¢ S.C., Ili¢ A.A., Kalinovi¢ T.S., J.V. Stroji¢: Particulate Matter Originated from
Mining-Metallurgical Processes,in Particulate Matter: Sources, Emission Rates and Health Effects, Nova
Science Publishers US, New York, Chapter 4, 2012, pp. 91-116,

[9] Serbula S.M., Stevanovié¢ J., Truji¢ V.: Arsenic, Heavy Metals and SO, Derived in a Mining-Metalurgical
Production Process, in Hazardous Materials: Types, Risks and Control, Nova Science Publishers US, New
York, Chapter 5, 2011, pp. 187-223.,

[10] Hao X. Z., Zhou D. M., Huang D. Q., Cang L., Zhang H. L.,Wang H. (2009). Heavy metal transfer from
soil to vegetable in southern Jiangsu Province, China; Pedosphere, 19(3), 305-311.,

[11] Miller J.R., Hudson-Edwards K.A., Lechler P.J., Preston D., Macklin M.G. (2004). Heavy metal
contamination of water, soil and produce within riverine communities of the Rio Pilcomayo basin, Bolivia,
Science of the Total Environment, 320, 189-209.,

[12] Celik A., Kartal A., Akdogan A., Kaska Y. (2005). Determining the heavy metal pollution in Denizli
(Turkey) by using Robinia pseudo-acacia L, Environmental International 31, 105-112.,

[13] Cui S., Zhou Q., Chao L. (2007). Potential hyperaccumulation of Pb, Zn, Cu and Cd in endurant plants
distributed in an old smeltery, northeast China, Environmental Geology, 51, 1043-1048.,

[14] Regulation about allowable quantities of hazardous and harmful substances in the soil and methods for their
investigation. The Official Gazette of Republic Serbia, (1994) No. 23/94.

154





