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ABSTRACT. Elevated heavy metal concentrations cause envirotahgollution. Our
study examines the content of heavy metals (PbMNi, Fe and Cu) in the aboveground
parts ofPolygonum avicularé. (Polygonaceae) sampled from five different lamas in the
city of Kraljevo and its surroundings. In order dgaluate the bioindicative ability d?.
avicularewe have chosen localities which had different l@fatontamination. The analysis
of heavy metals in the plant material was conductey atomic absorption
spectrophotometry. There is a correlation betwdenhigher concentrations of Pb, Cu, Ni,
Mn and Fe measured in plant tissues and enviroraheotlution caused by traffic. Other
emission sources and soil composition are congidereébe an important influence on the
quantity of metals in plants. Based on the resths,specie®. avicularecan be used as an
important bioindicator of habitat pollution by hgawetals.
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INTRODUCTION

A large number of compounds, gas, liquid and sdigbstances can be major
enviromental pollutants. If their concentrations higher than those allowed, then they endanger
functioning and the balance of the habitat. Pallutis mainly caused either by natural
phenomena or as a result of the emissions of pollstfrom industry, energetic, transport and
anthropogenic factors (NAGU and RACYNA, 1988).

As the number of vehicles is on the increase irptst few decades, traffic has become a
very important source of heavy metals and otheirenmental pollutants @MAULT, 1958;
FIDORA, 1972; dHNSON, 1980; M=EMMON et al, 2001; FAKAYODE and Q.uU-OwoLABI, 2003;
DAVYDOVA, 2005; SANKovIC et al, 2008). Emissions from heavy traffic contain pdiegly
toxic metals such as lead (Pb), cadmium (Cd), ¢im), copper (Cu) (MIOKWERE, 1984; Hb
and TAl, 1988; BENFENATI et al.,1992; G\RLOSENA et al.,1998; G\RcCIA and MLLAN, 1998;
IMPERATO et al.,2003; MARD et al.,2004; CELIK et al.,2005), and nickel (Ni) (§zuki et al.,
2008; ATAYESE et al.,2009).

Heavy metals are emitted into the atmosphere assa@ler They are transported up to
several kilometers away from their sources andsfeared to the soilby wet or dry deposition.
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This precipitated metals pollute natural waters #&emlestrial and aquatic living organisms.
Transfer of metals in the soil from the atmosphsran important part of their biogeochemical
cycle (QzmecioGLU and MUEzzINOGLU, 2008). Heavy metals reaching the soil remainegres
in the pedosphere for a long period of time, evéieraremoving the pollution sources
(IMPERATOEL al.,2003).

Metals are also natural components in sodgAT, 2000). All plants have the ability to
accumulate heavy metals from land and water asetlaes essential for their growth and
development. These metals include Mg, Fe, Mn, 4n,Mo and Ni (IANGILLE and MACLEAN,
1976). Certain plants also have the ability to awglate heavy metals that have unknown
biological function. Cd, Cr, Pb, Co, Ag, Se and Big¢g metals which belong to this group
(HANNA and QRANT, 1962; BAKER and BROOKS, 1989).

However, elevated concentrations of both esseamidlnon-essential metals can result in
growth inhibition and toxicity of plants. Unlike @éhorganic matter, they are non-biodegradable
and can undergo global ecological circles. Heavyalmeghrough plants get into the food chain,
where they have cumulative effect on the animaltaechuman body, manifesting their harmful
effects in tissues and organs. Symptoms of toxigityplants in the presence of excessive
amounts of heavy metals may be due to a rangetefactions at the cellular - molecular level
(HALL, 2001). Various pollutants can cause damage ttglaspecially in the vegetative parts.
In the presence of some pollutants, leaves showdlypecrotic areas together with changes in
stomata, epidermis and mesophyllofENzINI, 1999). Metal stress affects photosynthesis,
chlorophyll fluorescence and stomatal resistanceNM et al., 2001). In addition, pollutants
can enter the soil and alter its pH, causing ropiry. The harmful effects of air pollutants can
generate plant morphological and physiological geanaffecting the development of the
reproductive apparatus and consequently plantifeiRezANEJAD, 2007). Pollutants can affect
pollen viability, germination and tube growthi@&iNsoN, 2000; REzaNEJAD, 2009). However,
there are plant species that thrive in environmeotsitaminated with heavy metals.
"Metallophytes”, "hyper accumulative plants" or 8lig metal flora" are terms for describing the
plants able to accumulate large amounts of heawalm@ their parts (B VARENNESTet al.,
1996; ERNST, 1996).

The high accumulation of heavy metals in plantugsssuggests the important role of
plant species as bioindicators of environmentalupoh (TEN-HOUTEN, 1983; RRASAD and
FREITAS, 2003). Plant biomonitoring is alow-cost and valeamethod of examining the effect
of different airand environment pollutants L{@a et al., 2007). Due to its above mentioned
ability to receive and store quantities of certaietals, vegetation is an effective indicator of the
pollution level. As this absoption of pollutantsndae a long term process, it is the part of more
complex and again longer in terms of time, evatmaif enviromental pollution (MGEOCH,
1998).

The aim of this investigation was to determine ldneel of environmental pollution in
Kraljevo region caused by traffic, through expemta¢ assessment of heavy metal
concentrations (Pb, Ni, Cu, Fe and Mn) in the algomend parts of the plant populationskof
aviculare(Polygonaceae)rhis plant was chosen as a sample because it gnosi§erent areas
of Kraljevo, constantly following the human settletitorries, in which the level of pollution
varies as a result of different factors.

MATERIAL AND METHODS

I nvestigated area

City of Kraljevo is located in the central part $erbia at 4343' N and 241" S. It
occupies the area around the lower course of thex tbar and the middle course of the river
Western Morava. The official number of registerathicles in Kraljevo is estimated at 30.650
registered cars, 2.940 trucks and 246 buses. Tdrerghe circulation of traffic is considered to
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be one of the pollutants which most adversely afflee Kraljevo environment. The total length
of public roads in the territory of Kraljevo is 5&m, of which 102 km or 18% are the main
roads, regional roads is 140 km or 24.70%, andré¢hgaining 325 km or 57.30% of the total
road network belongs to the category of local roads

Sampling and preparation of plant material

Samples ofPolygonum avicularevere collected at the end of the growing season in
September 2011 at five different locations in Kraljevo and surralimg: 1. near the lbar
highway, 2. city center 3. Ibar riverside, 4. Matda spa-center, and 5. Déak village. For
analysis, above-ground parts of the plants (stéeases and flowers) were used. Collected plant
material was dried at the room temperature, aftdrichv it was completely dried
(Binder/Ed15053) at a temperature of @5 The dried plant material was milled and prepared
for analysis.

Sample preparation procedure

Measured sample (3 g) was transferred in Kjeld#émskf and mixed with 20 ml of
concentrated HN® Reaction mixture was heated to dryness. Treatwastrepeated until the
solution become clear, and nitric vapors stoppectlease. After that, contents was cooled and
mixed with 6 ml of concentrated HCJO'he next step was drying until the content evagar&o
3 ml volume. Obtained samples were mixed with liestiwater and filtered. Determination of
heavy metals in samples was conducted using atabsorption spectrophotometer - Perkin-
Elmer Company Model 3300/96 with the MHS-10 hydraystem and PC was used (Faculty of
Science, University of Kragujevac). Concentratiohsnetals in plant material are expressed in
mg/kg.

RESULTS AND DISSCUSION

Plants are good indicators of air pollution anddlajuality. The monitoring of metal
concentrations in plant tissues indicates the pseand intensity of pollution in the
environment. Previous studies used different plgpécies as bioindicator®inus nigra
Taraxacum officinaleTilia tomentosaRobinia pseudoacaciaMorus alba(NORMANDIN et al.,
1999;AKsoY et al.,2000; GioLamI, 2012). The results of the research on the condeniraf
the tested metals show that the pldht aviculare can be successfully used in plant
biomonitoring, primarily because of its favourabtlogical characteristics.

The concentration of Pb in the aboveground partspetiesd?. avicularesampled from
five different locations in the city of Kraljevo dnts surroundings showed on the Figure 1. The
results show that the concentrations of Pb corsldgrvary, from 0 to 17.7 mg/kg, depending
on the locality. The highest concentration of Pb.7Img/kg) was measured in a sample from the
location near the Ibar highway. The results sugtiegtthe increased concentration of Pb in this
sample is a result of the intensive traffic thdteta place on this type of roads (with a large
number of high speed vehicles).

Lower concentrations of Pb (8.5 mg/kg) were fouhtha location 2 - city center where
traffic is also intense but not as much as on itlsé Ibcation, near the highway. The presence of
elevated concentrations of Pb in the abovegroumis pP. avicularesampled in the center of
Kraljevo is a result of a large number of vehichesl its longer retention. At the location 3 near
the Ibar riverside, the concentration of Pb coubd lbe detected, which indicated that at this
point Pb is present in very small concentrationganpletely absent. Values obtained for the
concentration of Pb in this sample indicate thak along the river is characterized by lower
degree of metal pollution because soil has beemedbby the water. The above-ground parts of
P. avicularespecies tested on location 4 - MataruSka spa+Gerdatained significantly lower
concentrations of Pb (3 mg/kg), especially in congoa to the first two sites.
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Fig. 1. Concentration of Pb in the abovegroundspafrthe planP. aviculare
in the territory of Kraljevo (1. location near thmar highway, 2. city center, 3. location near Ither
riverside, 4. MataruSka spa-center, 5. Brékvillage near Kraljevo).

On the location 5 - Drakei, the concentration of Pb could not be detectedt avas
found in small quantities. The reason for this rhayess intense traffic in the villages, as well as
the distance from the highway and towns where largecentrations of heavy metals are
detected. The results suggest that the intensipotiition has influence on the increase of the
existing concentrations of the examined metaldantg.

Qasem and Kamal conducted the study in which tkegnahat lead is probably the most
important pollutant of all heavy metals. Namely, etperiments showed that vehicles driving
closer to the highway pollute the environment m@esem andKAMAL , 1999). As the distance
from the road increased, the Pb level fell sharphching the normal soil lead level, which was
estimated to be less than 7 pg/g.

The same explanation could be done for obtainediltsesregarding plant Cu
concentration shown in Figure 2. The highest comagans were found in the aboveground
parts ofP. avicularesampled at locations 1 - near the Ibar highwa® (8g/kg) and 2 - the city
center (8.6 mg/kg). Concentrations are little lowarthe location 4 - Mataruska spa-center (5.6
mg/kg). The lowest concentrations of Cu were detkett the locations 3 - Ibar riverside (4.5
mg/kg) and 5 - Draki¢i (4.7 mg/kg). This may indicate that traffic istrtbe only source of Cu
on the analysed territories. Based on the obtanesdlts we can establish the relationship
between the Pb and Cu concentrations, traffic nicgtaand frequency. There are many studies
that confirm that the intensive traffic is the smiof Pb in urban areas due to the use of gasoline
with lead additive (8YLAK et al., 2000; Aksoy et al.,2000) and that Cu originates from car
tires (ANGOLETTA et al.,1993; HANDREEK, 1994; @OK andSGARDELIS, 1994).

Lead exerts toxic effects on plants in high con@ditns, because many plants have
mechanisms for cell detoxification, such as Pbagferin insoluble form, as well as mechanisms
to limit translocation within the plant. Characgigs of accumulation and toxic effects in plants
are genetically controlled. Pb causes damage toneeimbranes, disrupting the process of
mitosis. It also inhibits plant growth, synthesfsA@P and the formation of structural proteins.
Lead affects the water intake as well as the le¥dtanspiration. Higher concentrations of Pb
disable the processes of pollen germination and geewth to a great extent fsToRrI and
PETROVIC, 1993; RALLAVI and R\MA, 2005).
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Fig. 2. Concentration of Cu in the abovegroundsatftthe planP. aviculare
in the territory of the Kraljevo (1. locality netire Ibar highway, 2. city center, 3. city - Ibaraiside,
4. MatarusSka spa-center, 5. DEak village near Kraljevo).

According to the results shown in Figure 3, difféargalues for Ni accumulation iR.
avicularedepending on the locality (6.7 to 17 mg/kg). Thghleist concentrations of Ni of the
studied samples were recorded at locations 1 - theatbar highway (15.52 mg/kg), 2 - city
center (14 mg/kg) and 3 - Ibar riverside (17 mg/kghere the traffic is the most intense. The
approximate Ni concentration of 12 mg/kg was obsérat the site 5 - Dralci, with the least
intense traffic, while the lowest Ni concentrati@?7 mg/kg) was in the sample from the site 4 -
MataruSka spa center, where traffic is more int¢hag in the countryside.

This significant difference was observed in theasoriration of Ni in various locations,
indicating the presence of contamination at theitheavy traffic. However, Ni is not the major
polluting element which is consistent with the sesé conducted on the territory of Belgrade.
20% of the total Ni emissions in the atmosphet@esresult of traffic ($ANKOVIC et al.,2011).
According to California Air Resources Board and Bement of Health Services, vehicles using
gasoline and diesel fuel contribute to total Ni €mons to the atmosphere with 54-72 tons per
year (1991). The concentration of nickel in thesdleexhaust pipes range from 500 to 10.000
mg/I* (FREY and @RN, 1967).

Even though that physiological role of Ni has neéi fully determined, opinion is that it
is a necessary microelement in the metabolic psese®f higher plants (vascular plants),
(MENGEL and KRKBY, 1982). On the contrary, toxicity of Ni excesivg&stie concentrations for
plants is well known. Plants suffering with Ni toity show necrosis on the leaf tips and
margins. Ni rapidly enters the plant root, inhibissgrowth, and inhibits a large number of plant
enzymes such as those of the Calvin cycle and ablhytl biosynthesis and consequently
decreases the photosynthetic activity. Ni alters pihant water relations and increases the
antioxidant system @gRDEY and $IARMA, 2002; ALl et al.,2008).

The concentrations of the other two metals, Mn Badn all investigated sites varied a
lot. Figures 4 and 5 show that greater concentratiare present mainly on the first three
locations where the traffic is intense. Figuresoalmply the differences in values of
concentrations. This indicates that traffic is wtectly related to their concentration in the
plants and that there are other sources of polHute the territory of Kraljevo and its
surroundings which contribute to the presence eséhmetals in the environment. Cause may
also be the different composition of the soil.
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Fig. 3. Concentration of Ni in the aboveground paftthe planP. aviculare
in the territory of the Kraljevo (1. locality netlre Ibar highway, 2. city center, 3. lbar riverside
4. MataruSka spa-center, 5. Dégk village near Kraljevo).

In Belgrade, the concentrations of Mn vary duehe tharacteristics of the soil. The
results of research related to the accumulatioklmfon the examined area show that localities
on Avala contain higher concentrations of Mn thiae locality in the centre of Belgrade. This
clearly implies that Mn concentration increase lemgs is not directly related to the traffic as the
primary source but to the type of soilf@@ikovi¢ et al.,2011). Minimum concentrations of Fe
were found in location 4 - Mataruska spa centel (@g/kg) and 5 Dral¢i (502 mg/kg).
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Fig. 4. Concentrations of Mn in the abovegroundspaf the planP. aviculare
in the territory of the Kraljevo (1. locality netlre Ibar highway, 2. city center, 3. lbar riverside
4. MataruSka spa-center, 5. Dégk village near Kraljevo).
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Fig. 5. Concentrations of Fe in the abovegrountspErthe planP. aviculare
in the territory of the Kraljevo (1. locality netire Ibar highway, 2. city center, 3. Ibar riverside
4. MataruSka spa-center, 5. Déak village near Kraljevo).

Concetrations (mg'kg)

The reasons for this may be that many factors teadreduction in the concentration of
Fe and the unavailability of Fe to the plants: mcideaty soil, alkaline soil with plenty of lime
and clay, the use of high doses of phosphorudifers, excessive moisture, soil compaction,
fertilization with fresh organic matter (manuregduent use of plant protection products on the
basis of Cu and so on and so forth. At locatioacddic soil is present, because it is a place with
a water spring that contains the highest conceotratf sulfur in Southern Europe (127 mg/l).
This may be the reason of the lower Fe concentratiahis area. One more significant factor
that influences the total quantity of Fe in a derfalant is that in village environments organic
and inorganic substances, soil compaction andrdifteproducts for plant protection are used for
a variety of purposes.

CONCLUSION

The speciefolygonum aviculares efficient accumulator of heavy metafenong the
analyzed metals (Pb, Ni, Mn, Fe and ®alygonum avicularevell accumulate Pb, Cu and Ni.
Based on these results and comparative analylsiorebetween the concentration of metals in
plants and environmental pollution was observedriBg in mind that the results are from a one
plant species, further research must be increasebinclude a larger number of plant indicators,
long-term monitoring and soil sampling in orderaiatain reliable data that would be useful in
scientific and practical terms.
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