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Abstract: The purpose of this research is above all focused on the aim of deter-
mining the load of ecosystem or rather soil and plants with the heavy metal Ni and
the level of accummulation in this area so that on the basis of the obtained results
adequate protection measures could be timely taken. The research of nickel (Ni)
content in the leaves of herbs and woody plants growing under urban conditions
in comparison with the nickel concentrations in the plant leaves in the protected
natural resource “Avala” (16 km away from Belgrade) indicates that the recorded
values of nickel concentrations by locations are statistically significantly different
and range from A to F on locations 1, 2 and 3 while on location 4 in urban condi-
tions the values range from A to B in accordance with Duncan’s Test.
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Y BUXOBa aKyMyJaluja Ha OBOM MOAPYYjy, KaKo OH ce Ha OCHOBY JOOHjEHHX pe-
3yJITara, ako je moTpeOHO, Moriie OJaroBpeMeHO Mpeay3eTH onroBapajyhe mepe
3amTure. McTpaxuBama caaprkaja Hukia (Ni) y TUCTOBUMA 3€JbaCTUX U APBEHAC-
THX OMJbaka Koje pacTy y rpaJICKUM yCIIoBUMa Yy mopel)emy ca KOHICHTPaLujoM
eJIeMEHTa HUKJIA Y JINCTOBUMA OHMJbaKa y 3aiITHheHOM MIPHPOIHOM 100Dy ,,ABana‘“
(16 km ox Beorpazna) mokasyjy Ia cy eBUACHTHpPAaHE BPEAHOCTH KOHIICHTpAIHja
HUKJIa, [0 JIOKAJINTETIMA CTATUCTHYKH 3Ha4YajHO Pa3InIHTe U Kpehy ce y pacrony
on A-® nHa nokanutety 1, 2 u 3 10K Ha JOKaIUTETY 4 Yy rpaJICKUM YCIOBUMA pa-
CroH BpenHocTH je A-b, no6ujen JJaHKaHOBHM TECTOM.

KibyuHe peun: HUKJI, KOHLEHTpauuja, ypoaHu ycioBu, caobpahajHuie, JucT,

3eMJBHIITE

1. INTRODUCTION

Belgrade is one of the greenest capital cities in Europe. The protected natural re-
source ,,Avala” (or rather the selected part of the unit which is declared the landscape of
outstanding features) is located on the territory of the city of Belgrade and attracts the
attention of researches of various profiles. The research for the purpose of determination
of the level of load of this area with pollutants has special significance. It should be em-
phasized that the Avala area was bombed during 1999. On that occasion the Avala Tower
was pulled down.

On the basis of the obtained results timely protection measures could be taken with
the ultimate aim of preservation, improvement and protection of nature and the environ-
ment in general and above all human health. Due to their adverse effect on biosphere,
heavy metals attract great attention of researchers especially on account of their harmful
effect to living organisms which increases due to long term exposure and cummulative
effects (Guthner, 1989, Kurfurst, 1989).

It is well known that plants accumulate microelements (heavy metals) from soil
through their root system and from air through photosynthetic organs. Owing to that fact,
plants appear as specific receptors through which heavy metals from soil and partly from
atmosphere enter humans and animals.

Nickel is a microelement necessary for the regular functioning of plants, animals
and humans. However, in higher concentrations it has toxic effects. Increased quantities
of this element may be a result of natural processes or anthropogenic factors. Those an-
thropogenic factors include industrial processes, extraction and processing of ores, traf-
fic etc.

For instance, the total nickel emission from air for the area of California amounts
to 23-360 ¢ a year (1991), and for Croatia it amounts to 20-46 tyrs~' (Official Gazette
Ne 48/95). According to the data from the Municipal Institute of Public Health of Bel-
grade, based on the official annual report for the state of air pollution in Belgrade area,
exceeding of the limits is not registered for nickel in total suspended particles and particle
size to 10 microns, or in sediment materials (dust).
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Out of the total nickel emission in the atmosphere, 20% is a consequence of traffic.
According to California Air Resorces Board and Department of Health Services the data
show that the vehicles using fuels like gasoline and gasoil also contribute to the overall
nickel emission into the atmosphere with 54-72 ¢ a year (1991). Nickel concentrations in
gasoil from exhaustion pipes range from 500 to 10.000 mg-L~! (Frey, Corn, 1967).

Nickel (Ni) is a heavy metal belonging to VIII B group of the Periodic Table of
elements with 7 radioisotopes. Although physiological role of Ni is not fully determined
there is a prevailing opinion that it is a necessary microelement in the metabolic pro-
cesses of higher plants (vascular plants) (Mengel, Kirkby, 1982). On the contrary, tox-
icity of Ni for plants is very well known. The symptoms include chlorosis, cessation of
root system growth and sometimes interneural necrosis (Uren, 1992). Increased quan-
tities of this element may be a result of natural processes or anthropogenic factors. The
main anthropogenic source of nickel emission is combustion of fossil fuels and traffic
(Stankovi¢, 2008, Krsti¢ et al., 2007).

Exhaust gases which result from combustion of gasoil contain more than 40 air
polluters (2003) and among others nickel compounds (nickel-oxides, nickel-sulphates and
nickel subsulphides). All these compounds are harmful to plants and may be genotoxical
and cancerogenic for animals and humans (2005).

Bioremediation of contaminated soil represents an effective method of minimiz-
ing the risk for human health and ecosystem. Beside chemical measurements it is de-
sirable to perform biological assessment of the ecological status. For that purpose we
use biological indicators. The accumulation of heavy metals in plant tissue indicates a
very important role of certain plant species as (bio)indicators of environmental pollution
(Ten-Houten, 1983, Prasad, Freitas, 2003).

2. MATERIALS AND METHODS

The selection of representative locations for sampling of plants and soil for analy-
sis was performed very carefully bearing in mind that it is necessary for each of the select-
ed locations to contain the same plant species. It was also important to determine the key
parameters from the point of view of emission and imission of the observed heavy metals,
the distance from the road, as well as many other previously specified relevant criteria.

Three locations for sampling in the area of the landscape of outstanding features
- Avala Mountain were selected.

The selected locations in accordance with the specific forest management plan for
the management unit “Avala” (2008-2017) belong to FMU “Avala™

— Location 1 - on the upward road to the landscape of outstanding features ,,Avala”;

— Location 2 - on the top of Avala mountain (near the Avala Tower);

— Location 3 - on the downward road from Avala mountain (Stari Majdan).
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Upon the examination of several potential locations we selected the fourth one -
the so called control location in the centre of Belgrade in Bulevar despota Stefana street
(former street name 29. Novembra), where there is high frequency of traffic.

— Location 4 (control) - Bulevar despota Stefana street in the centre of the city of
Belgrade.

For conducting the detailed research of the concentration of pollutants the contents
of heavy metals were analyzed in vegetative parts of 8 selected plant species.

Potentially any plant species may be used as a bioindicator of the status of the en-
vironment. A necessary precondition for this is knowledge of biology as well as ecology
of each individual species which is used as a bioindicator. It is also necessary to know the
range of ecological valence of a species for each factor of the environment (temperature,
humidity, daylight, soil pH, etc.).

In the process of selecting plant species for the analysis we performed a very de-
tailed inventory list of all plant species present in this area. We selected the following 8
plant species:

1. Tilia tomentosa Mnch. - Silver Lime;

2. Pinus nigra Arn. - European Black Pine;

3. Plantago media L. - Hoary plantain;

4. Taraxacum officinale Web. - Common Dandelion;

5. Acer campestre L. - Field Maple;

6. Prunus avium L. - Wild cherry;

7. Quercus petraea (Matt.) Liebl. - Sessile Oak;

8. Pseudotsuga menziesii (Mirb.) Franco - common Douglas-fir.

For control purposes 4 plant species were chosen as representative samples on the
fourth location in the centre of the city.

Bearing in mind the fact that the quantity of heavy metals in plants is directly de-
pendent on the distance from the road at each location the plants were taken in the length
0of 200-300 m along the road and up to 15 m in depth from the roadside.

The samples of plant material were collected at each of the mentioned locations in
the middle of their vegetation period, at the beginning of July 2009. Only the leaves were
sampled and for each species 1-2 kg of material from all locations were taken. The sam-
ples were dried to airy dry mass without previous washing. Airy dry leaves were further
kiln-dried at 105°C, ground and used for laboratory analyses.

Considering the importance of the quality of the environment and especially in
high-grade areas and in areas dedicated to recreation within the previously mentioned
locations the research of nickel (Ni) content in soil was conducted.

Heavy metals contents in soil were determined by atomic absorption spectopho-
tometry using a ,,Varian AA-10“device. The conservation and preparation of samples for
“pseudo” total contents of Ni were performed in line with EC-UN/ECE Method 9190SH
and Method 9109 SA (soil samples were treated by a mixture of concentrated HCI, HNO,
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and H,O, in the following ratio 3:1:2). The obtained data were processed by the comput-
er application “Statgraphic Plus* whereby we performed descriptive statistics, Variance
Analysis and LSD Test. The level of soil load with lead, nickel and zinc was determined
on the basis of Brune-Ellinghaus (1981): very low 1-5%; low 5-10%; average 10-25%;
high 25-50%, very high 50-100% of the maximum allowable limit of heavy metal con-
centrations in soil.

The sampling of soil was performed in layers at two depths: 0-10 ¢m and 10-20 cm
at all four locations (Table 1).

The analyses of plant and soil samples were performed in the laboratories of the
Department of biology and ecology of the Faculty of Natural Sciences in Novi Sad, labo-
ratories of the Faculty of Forestry of Belgrade University and the Institute for lowlands
Forestry and Environmental Protection in Novi Sad.

The heavy metals concentrations in plants and soil were determined by the atomic
absorption spectophotometry method and the measurement was performed with three
repetitions.

Table 1. Labels and description of sampling locations for plants and soil.
TaGesa 1. O3Haka 1 ONHC JOKAJTUTETA HA KOjHMa Cy y3€TH y30pIH Onsbaka M 3eMJBHINTA

Location name Description Location label
Ha3us jokajaurera Onuc O3Haka JIOKaJIuTeTa
Avala 1 Upward part of the road towards the Tower 1
Avala 2 Nearby the Tower 2
Avala 3 Downward part of the road from the Tower 3
. Bulevar Despota Stefana street
Control Location 4 in the cenlzre 0? Belgrade 4

The obtained data on the accumulation of heavy metals were processed through
the implementation of standard statistical methods, Variance Analysis, LSD Test for the
level of significance p = 0,05 and the examination of average values significance was per-
formed using Duncan’s Test.

All tests were performed with the level of significance p<0,05.
The obtained results were presented in a suitable manner - in tables and charts.

3. RESULTS

The research results as may clearly be seen in the presented charts and on the basis
of the previously mentioned toxic values show that in accordance with the average values
all of the locations show the values below the critical value.

However, in charts 3 and 4 it is also clearly presented that plants already proven in
numerous other researches to be accumulators of heavy metals in this research also show
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and even exceed the critical values of accumulation of nickel. Namely, at location 3 on
Avala mountain, wild cherry shows the value of 12.29 pg-g™! and at the control location
in Belgrade (location 4) nickel accumulation in Dandelion is close to critical values and
amounts to 9.15 pg-gl.

We obtained very interesting results with a huge range of values on different lo-
cations for the accumulation of nickel by wild cherry. The values range from 1.04 pg-g™!
which is the lowest value for all plant species in all locations to the highest value in the
same plant species - wild cherry amounting to 12.29 pg-g! at location 3.
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The least concentration of nick-
el in plants was recorded on locations 1
and 2, on the top of Avala and the upward
road to Avala.

Comparing the average nickel
contents in four plant species in differ-
ent locations (Diagram 6) it can be stated
that there is a huge range of values and
that average values range from 2.32 to
6.60 ug-g .

The significant difference in con-
centrations of nickel measured on dif-
ferent locations undoubtedly points to
the fact that there was contamination on
the location of high frequency of traffic.
Also, there were high values of Ni con-
centration on location 3 on Avala which

~Ni [ug-g!]

6.70

4.85 9.15  6.58

Diagram 5. Nickel contents in the leaves of Dan-
delion on all locations
I'padpukon 5. Cagpxaj Hukia y nuirhy macia-
YKa Ha CBUM JOKAJIUTETUMA

points to the fact that traffic is not the only polluter of plants by this heavy metal.

The presence of significantly higher concentrations of nickel in plant leaves taken
from location 3 on Avala in comparison to the control location 4 in the centre of Belgrade
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Diagram 6. Nickel contents in the leaves of different plant species on all locations
I'padukon 6. Cagpxaj HuKIA y nuInhy pa3snUINTHX OMJBHUX BPCTa Ha CBUM JIOKAJINTECTHMA

137



Dragica Stankovi¢, Milan Knezevié, Borivoj Krsti¢, Mirjana Sijaci¢ Nikoli¢, Dragica Viloti¢

mgkg!

Ni

66
56
46
36
26

16 L

1

2

Diagram 7. Variability of nickel contents in soil
on all locations (1-4)

I'padukon 7. BapujabunHocT caapikaja HUKJIA
Yy 3€MJbUIIITY HA CBUM JIOKAJIUTE-

tuma (1-4)

indicates the existence of chemical con-
tamination of soil with this pollutant.
These conclusions are also confirmed by
our research where on locations 3 and 4
there are relatively high concentrations of
nickel in soil amounting to 44.44 ug-g!
(although they do not exceed maximum
allowable values).

The research and comparison of
nickel contents in the leaves of the four
different plant species growing in urban
(location 4) and suburban conditions (lo-
cations on Avala 1, 2 and 3) show that the
recorded Ni concentration in Dandelion
amounting to 4.85 pg-g~! on location 3 is
two times less than the one recorded in
the extreme urban conditions amounting
t0 9.15 ug'g™! on location 4 (Diagram 5).

When the four plant species at all four analyzed locations are compared it is clear
that Dandelion seems to be a better accumulator than nickel in relation to plant species
examined in our research and that the values on the control location (although not exceed-
ing critical value) are still by almost 50% higher than the values recorded on the locations
on Avala mountain.

Table 2. Summary statistics and variance analysis of Ni contents in soil on different depths (1
and 2)
Ta6eusa 2. CymapHa CTaTUCTHKA U aHAJIW3a BapujaHce 3a cagpxaj Ni y 3eMJBHIITY Ha pa3iiu-

yuTUM nyounama (1 u 2)

. Average
Min Max Hpoceglc Std. deviation}
- Crt. neBujanuja
Ni [mg kg']
1 16.11 60.11 41.52 16.63
2 16.22 61.94 42.37 17.27
Analysis of Variance
Between F-ratio p-value
locations 0.02 0.9017

The obtained results show that the concentrations of heavy metals adsorbed and
absorbed in the leaves of the analyzed plants may be used as a very reliable indicator of
chemical pollution of soil.

In the coming period monitoring will to a large extent contribute not only to con-
trol the conditions but to scientifically explain such a huge range of values of nickel
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accumulation in wild cherry as a species considered a hyperaccumulator of heavy metals
and nickel among others.

The energy of adsorption of heavy metals differs depending on the physical and
chemical properties of soil. Nickel in soil is present both in organic and inorganic matter.

The average nickel concentration in soil worldwide amounts to 40 mg-kg™! of soil.
However, that concentration varies depending on the soil type. Coal combustion is a
significant source of nickel, followed by ore mines, ironworks, forest fires and waste
incineration.

Nickel contents at the analyzed locations vary within the range from 16.68 to
61.02 mg-kg™. Since the allowable values range up to 50 ppm, it may be concluded that
only on location 4, the recorded contents exceed the maximum allowable concentrations.
On all locations on Avala the measured values were below the maximum allowable limit.

Table 3. Summary statistics, Variance Analysis and LSD-Test for heavy metals contents (Zn,
Ni, Fe, Pb and Mn) in soil on different locations (1-4)
Ta6ena 3. CymapHa cTaTUCTHKA, aHaIKU3a BapujaHce 1 LSD-TecT 3a caipikaj TEIMIKUX MeTajla
(Zn, Ni, Fe, Pb 1 Mn) y 3eMJbHIITY Ha pa3IuuuTUM JoKanuTeTuma (1-4)

Min Max ?I‘:(f : eglf Std. deviation
Crt. neBujanuja
Ni [mg kg™
1 45.37 47.31 46.34 1.062
2 16.11 16.22 16.68 0.059
3 44.01 44.46 44.23 0.233
4 60.10 61.94 61.02 1.00
Variance Analysis
. F-ratio p-value
Between locations
3832.32 0.0000
LSD-Test
Average Homogeneous groups
2 16.68 x
3 44.23 X
1 46.34 X
4 61.02 x

Considering the nickel content on locations 1 to 4 it can be concluded that they
are getting close to maximum allowable concentrations (50 mg-kg™') which indicates that
this load originates from vehicles consuming fuel oil, such load being caused by traffic
at these locations.

On the basis of the presented data on nickel content in soil the following conclu-
sions can be drawn:
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— The obtained differences between Ni content at different soil depths (0-10 cm
and 10-20 ¢m) are not statistically significant whereby there is the decreasing
trend with the increase in soil depth;

— There are statistically significant differences between the average values of nick-
el contents in soil among the four analyzed locations.

The average values of Ni contents in soil for the first three locations on Avala are
less than the average values of the heavy metal Ni on location 4 (the centre of the city of
Belgrade).

4. DISCUSSION

It is important to point out and it can be claimed with certainty that the importance
and role of plants and especially forests is huge and such a role encompasses different as-
pects of action (Bankovi¢ et al., 2009).

Level of accumulation of heavy metals in plant tissue is determined by numer-
ous biotic and abiotic factors and the characteristic genotype is one of the dominant ones
(Pajevi¢ et al., 2008, Nikoli¢ et al., 2008). Interspecies calibration is also applied for
certain heavy metals (Berlizov et al., 2007).

Numerous non-standard effects of heavy metals depend on their direct and indi-
rect effect in certain metabolic processes; for example high content of Ni in endoderm
and parenchim cells blocks cell division in parenchim and results in the prevention of root
branching (Seregin, Kozhevnikova, 2006).

Moreover, according to many other authors (Rubio et al., 1994, Ahmad et al.,
2007), heavy metals uptake and accumulation in plants results in a reduction of contents
of K, Ca and Mg in plants, especially in scions which points to the fact that heavy metals
hinder not only intake of nutrients but also their distribution into different parts of plants.

Nickel shows high mobility in xylem as well as phloem and it significantly accu-
mulates in fruits and seeds. Plant species differ by level of accumulation of Ni and the
ones that in dry matter contain more than 1 mg-g~! of Ni are considered hyperaccumula-
tors. Moreover, it is also confirmed that plant species show different potential for nickel
uptake under the same environmental conditions which is also in line with the results of
Guo and Marschner (1995).

The increased concentrations of Ni are to a large extent the consequence of the at-
mospheric deposition of particles with adsorbed and absorbed pollutants since there are
data that with certain plant species like Fracinus, root uptake and transport of elements
through xylem is usually not intensive enough to cover the circulation of mineral pollut-
ants in the atmosphere (Catinon et al., 2008).

According to the existing data (Kastori ef al., 1997) the average nickel content
in plants ranges from 0.1-5.0 ppm of dry matter and toxic values are higher than 10 ppm
of dry matter.
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Therefore, this pollution originates from traffic and probably higher concentration
of soot and other particles in the air which absorb nickel, which further deposits in veg-
etation (plants). Air pollution may be dispersed on hundreds and thousands of kilometers
depending on weather conditions, especially wind speed and direction. Therefore it is im-
portant to establish an overall monitoring of wide areas which would include the defining
of values of physical and chemical parameters of the soil and the air as well as the group
of biological parameters.

In our region the highest or rather toxic concentrations of Ni have been recorded
in Sessile Oak (Quercus petraea Matt. Liebl., 16.16 pug-g™) in the national park of Fruska
gora and in Silver Lime also on Fruska gora (Tilia tomentosa Monch., 15.39 pug-g™).
(Stankovi¢, 2006, Stankovi¢ et al., 2009).). At our locations on Avala Ni concentra-
tions in Sessile Oak range from 2.95 to 7.00 ug-g™".

On the basis of the conducted research it may be concluded that Ni concentrations
in the leaves of different plant species growing in urban and suburban conditions show
a wide range of values. Some of the values are very close to maximum allowable values.
Yet, they are still under the critical level. According to Asher, 1991 the critical concentra-
tions are >10 pg-g~! in sensitive species and >50 pg-g~! in middle tollerant species.

High concentrations of nickel have toxic effect. The deficiency symptoms are sim-
ilar to the symptoms of iron deficiency. In case of high concentrations of nickel in plants
the signs of necrosis appear on leaf edges.

Considering nickel contents in soil in accordance with the findings of certain au-
thors the total Ni contents range from 5-100 ppm and in soil types formed on serpentine
they amount to 500 ppm and even up to 600 ppm (Ubavic et al., 1993).

The most frequent Ni contents in soil range within 10-50 mg-kg!, and the allow-
able limit of Ni concentration in soil is 100 mg-kg™'.

Inaccordance with Brune-Ellinghouse (1981) the soil in Avala is highly load-
ed with nickel.

In line with the Rulebook on the permitted quantities of toxic and hazardous sub-
stances in soil and water for irrigation the maximum allowable level of nickel in soil is up
to 50 mg-kg™' (Official gazette of RS Ne 23/93).

5. CONCLUSION

On the basis of the conducted research it may be concluded that Ni concentrations
in leaves of different plant species growing in urban as well as in suburban conditions in
Belgrade show a very wide range of values where certain values are very close to maxi-
mum allowable concentrations, yet they are still below the critical level.

The presence of significantly higher Ni concentrations in plant leaves taken from
location 3 on Avala in comparison to the control location 4 in the centre of Belgrade in-
dicates the existence of chemical contamination primarily of air but also of soil with this
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pollutant. These conclusions are further ascertained by the data from locations 3 and 4
showing high concentrations of Ni in soil, amounting to 44.44 png-g™' (yet, they do not
exceed maximum allowable concentrations).

For the time being, the presence of heavy metal - nickel (Ni) in the soil and plants
in the area of the protected natural resource ,,Avala” does not represent a threat of poten-
tial notable damage to forests but since on the other hand it shows the tendency of con-
centrations increase it should be under intensive monitoring.
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Jparuna Crankosuh

Munan Kuexesuh

Bopusoje Kpctuh

Mupjana [lInjaunh-Huxonuh
Hparumna Bunotuh

CAJPKAJ HUKJIA Y BUJbBKAMA U 3EMJ/BbUIITY HA IIOAPYYJY 3AIITUREHOI
HOPUPOJHOI JOBPA ABAJIA - BEOI'PAJY

Pesume

Hukn je HeonxoaaH MHKPOEIIEMEHT 3a OHJbKe, )KUBOTHIbE 1 YoBeka. MeljyTum, npu Behum
KOHIICHTpalujaMa Jienyje TokcuuHo. [ToBehane KonM4YMHE OBOT €JIEeMEHTa MOTY OUTH pe3yiTaT
MPUPOJHUX IIPOLIEca WM aHPOIOJIOMIKUX (haKTopa.

Emucuja Hukna u3 Basayxa 3a noapyyje Kanudopuuje uznocu 23-360 ToHa 1m0 TOTUHU
(1991), a monpyuyje XpBatcke ox 20-46 Tona no rogunu (Official Gazette, Ne 48/95). Ox ykymHe
emmucuje HUKIa y atmochepu oko 20% je mociaeanna caobpahaja.

IIpema nogannma California Air Resorces Board u Department of Helth Services nokasyje
ce 712 BO3HJ1a KOja KOPUCTE MOTOPHA TOPHBA Kao LITO Cy OSH3UH U AM3€J TOPUBO, TaKohe porpuHoce
eMICHjH HUKIA y aTMochepy ca 54-72 Tone rogumme (1991). Konnentparyja Hukiia y auseny u3
u3nyBHUX 1eBu kpehe ce on 500-10.000 mg-L~' (Frey, Corn, 1967).

CHMIITOMH TOKCHYHOCTH OMJbaKa HHUKJIOM YKJBY4Yjy XJIOpO3Y, IIPECTaHaK pacTa Kope-
HOBOT CHCTeMa U NoHekas, MehyHnepBHy Hekposy (Uren, 1992). [ToBehane xonndmHe oBor ene-
MEHTa MOT'y OMTH pe3yJTaT NMPUPOJHMX Ipolieca WM aHTPONOreHux (akropa. [1aBHU aHTpO-
IIOTCHU W3BOP €MHCHje HUKJA je caropeBame (OCHWIHMX ropuBa u caobpahaj (Krsti¢, et al.,
2007). IloBehane KoIMYMHE OBOT €JIEMEHTAa MOT'Y OMTH pe3yiTaT IPUPOJHUX Mpolleca UIH aH-
TpomnoreHux ¢axTopa. [1aBHM aHTPOIIOTeHH U3BOP EMHCHje HIKIIA je caropeBame GOCHITHHUX ro-
puBa u caobpahaj (Stankovié, 2008, Krstié, et al., 2007).

[orenuujanHo, cBaka OMJbHA BPCTa MOXKE OMTH yHOTpeOJbeHa Ka0 OMOMHIUKATOP CTamka
KHUBOTHE cpeuHe. HeonxonaH npexyciioB 3a To je o3HaBame Kako OMOJIOrHje, TAKO U eKOJIOTHje
(MaMOeKOIIOTHje) CBaKe MOjeAMHAYHE BPCTE KOja ce KOpHCcTH Kao Ouonnaukarop. [lorpe6Ho je, Ta-
kolje, Mo3HABaTH ¥ MIMPHHY E€KOJIOIIKE BaJICHIIC BPCTE 3a CBAKH IOjelMHaYaH (GaKTOp CIOJbAIlHE
cpenuHe (TemMneparypy, BIaKHOCT, CBETIIOCT, pH 3eMJbHILTA, HTA.).

[Tpn m360py BpcTa Onspaka 3a aHaJIN3y, BeOMa IIPEIU3HO je U3BpIIeHa HHBEHTApH3aLHja
CBUX BpcTa OMibaka Ha OBoM nozipy4jy. Onabpana cy TpH JJOKaIuTeTa Ha ABaJIU U jeJaH JOKAIUTET
y T3B. TpaH3UTHOj 30HU (30Ha II) y nentpy Beorpana.
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3a uctpaxxuBame je onabpaHo 8 BpcTa OMIbaka Koje Cy 3aCTYIJbEeHE Ha JIOKATUTETHMAa Ha
ABanu, IOK je Ha YeTBPTOM JIOKAJUTETY Yy HEHTPY rpaga ofadpaHO YeTHpPHU BpCcTe Ouibaka, Koje
Cy IOCTYKUJIE 32 KOMIIapalHnjy, a U Ka0 OMOMHANKATOPH CTalka y ypOaHO] CpeIuHHU. Y30pKOBaHU
Cy CaMo JINCTOBH OHIbaKa.

Ha cBuM nokanuTeTuMa, CIpOBEACHA CYy U UCTPaKMBama caapkaja HuKIa (Ni) y 3eMbu-
mTy. Y30pKOBakhe 3eMJBHUIIITA j€ BPLICHO CJI0jeBUTO, Ha nBe nyoune: 0-10 ¢m u 10 do 20 ¢m Ha cBa
YETHPH JIOKATHUTETA.

KoHueHnTpanuja TeMIKUX MeTajla y OnjpKkama 1 3eMJbHIITY oapeljeHa je aToMCKOM arcopri-
LIMOHOM CIIEKTPO(GOTOMETPHjOM.

Pesynraru uctpaxnBama, Mokasyjy Ja IpemMa NpoceuyHUM BPEJIHOCTUMA HU jelaH JIOKa-
JIUTET HE Tpesia3d KpUTHIHe Bpennoctu ox 10 ug-g .

Hajmama KOHIIEHTpalija HUKJIa y OuJbKama je Ha JIOKaJIUTeTHMa | ¥ 2 OTHOCHO Ha y37a3-
HOM Iy Ty 10 ABaJe 1 Ha BpXy ABaJe.

VYnopelyjyhu mpocedyan caapikaj HUKJIA KOJ YETUPH OMJbHE BPCTE MO JIOKAJIUTETHMA,
MOYKEMO KOHCTATOBAaTH Ja ce IpoceuHe BpeaHoctu kpehy ox 2.32 mo 6.60 ug-g™!. Taxohe, no-
TBpheHa je KOHCTaTalyja Jja OuJbHe BPCTE IMOKa3yjy Pa3IMuUT MOTSHLUjal 32 HUKJ P UCTUM
CTaHUIIHUM yCJIOBHMA, a IIITO je Y cariacHocTH ca pesyatatuma Guo u Marschner-a (1995).

3HayajHa pas3nuka 1o0ujeHa y KOHIEHTPAIMj HUKJIA ca Pa3INYUTHX JIOKAJIUTETa, yIpa-
BO yKa3yje, Ha [I0CTOojambe KOHTAMUHAIM]e Ha JIOKAJIUTETy (ppeKkBeHTHOT caoOpahaja. Bucoke Bpe-
JTHOCTH KOHIIEHTpAI¥je HUKJIOM Cy Ce IoKa3ase ¥ Ha 3. JIOKaJIUTeTy Ha ABald, a TO yKasyje J1a
caobpahaj Huje U jenuHu 3araljuBay OMsbaka OBUM TCIIKAM METAJIOM.

[MpucyctBo curandukanTHO Behnx KOHIEHTpaI¥ja HUKJIA Y JINCTOBIMA OMJbKaMa y3eTUM
ca JIOKaJInTeTa 3. Ha ABaJlM y OHOCY Ha KOHTPOJIHH JOoKanuTeT 4 y nentpy beorpana, ykasyje Ha
MIOCTOjehe XEMHUjCKe KOHTaMHHAIH]€ 3€MJBUINTA OBUM ITOIyTaHTOM. OBe KOHCTATallHje IMOTBP-
byjy u nobujenu nomamny, rae Cy Ha JOKAIUTETY 3 U 4 pelaTUBHO BUCOKE KOHIEHTpAIUje HUKIA Y
semsbumty of1 44,44 pug-g' (nako me npemamyjy MDK BpennocTn).

Canpixaj HUKJIA y 3eMJBHINTY Ha HCIIUTHBAaHUM JOKAJIUTETHMa Bapupa y TpaHuiaMa off
16,68-61.02 mg-kg™', kako My je 03BOJbEH cajapkaj 10 50 ppm, MOKE ce KOHCTATOBATH J1a j€ yT-
Bphen cagpxaj n3nax MDK camo Ha 4. mokanutety. Canpixkaj ucriox MDK 6Ho je Ha cBUM JI0Ka-
JTUTETHUMA Ha ABaJIH.

Temku metan Ni y 3eMJBUIITY ¥ OMJbKaMa Ha TOAPYYjy 3alITHAEHOT MPHPOJHOT A00pa
»ABalia” 3a cajia He IIpe/ICTaBJba OMACHOCT 3a HACTaHAK BUJbUBHX olITehemwa [I1yMa, ajli oKasy-
je TeHIeHINjy TIoBehama KOHLIEHTpalnja, Te UX Tpeba HHTEH3UBHO MPATHTH.
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