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Abstract. The subject of this work is the protection zond the "Kula" area of outstanding features in Vr3ac
Mountains. Soil samples were taken at certain loonatand were later detailed laboratory processed.
Regarding the site of the "Kula area" and degregratiection, the main goal of this study was tcedwmine

the degree of degrading soil covering surface.trerstudied territory, the presence of high Fe lndand
low Cu in the samples is proven.
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and intensities, distributed within traditional
appropriating of new arable lands, disturb complex
Locality "Kula" is a region of the outstandingecosystems and change a character, a direction an
features of the VrSac Mountains, the subject of thinutual relations of natural pedogenic processes Th
research, is located in the eastern part of Voja@dianthropogenic soil tranformation is dependent en it
(Serbia) Locality "Kula" — the first level of initial characteristics, characteristics of natural
protection, is located in the western region ofaérS conditions of pedogenesis, as well as on the cterac
Mountains and covers an area of about 3.171 ha. of the anthropogenic influence. The available
According to its geographical position.experience shows that the human activity mainly
orographic layout, geological features and floral arcaused the degradation of soil and the soil cosex a
fauna, VrSac Mountains represent a specific areawifiole.
Vojvodina and Serbia. The total protected area is According to the Article 129 of the Law of
44.08 ki, the first level of protection is 1.90 Km Environmental Protection [13], Vr$ac Mountains are
under a second degree of protection is 29.36 mmd  defined as the region of the outstanding featuFbis
the third level of protection is 12.82 knj8]. In s the specific area of Serbia, with different geptal
geological terms, they represent the earliest gesio and geomorphologic forms and the soil and the
geological history and different tectonic phaselsicw  vegetation cover. Precisely for this reason, titaans
are the only in the region of Vojvodina that can blave done an analysis of land, studying the samples
explored and observed. The initial geologicabhken at 10 sites in the zone of the protection and
foundation of igneous and metamorphic rocks waKula"area, which is the subject of this work. The
changed due to passage of time, so now we hawain task is to determine the degree of pollution i
either blocks or smaller forms. Indigenous floral anthe "Kula area". As the parameter for determinimg t
fauna are natural values, which should be predervgegree of pollution, we used the relevant Serbian
by natural or deliberately caused disasters. Als@gulations, which define the maximum value for
different types of life of indigenous communitiesnc organic production [14], as well as the maximum
be observed here. The VrSac Mountains becamfiowable concentrations of hazardous and harmful
officially internationally significant in 2000, wihe substances in the soil in Serbia [12]. The subject
there are established as an Important Bird Area the task of the function of the target are to pn¢ve
Europe. The development of civilization requiressle further degradation and suggest measures for furthe
or more serious human intervention in thprotection. Fig. 1 shows the elevation zones of¥r$
environment. The consequences are increasiniMountains, where the subject of this article - Liiga
obvious, deep and attract the attention of increasiKula, belongs to.
number of investigations in various scientific digl
At present, anthropogenic influences of variousesyp

1 Introduction
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Figure 1. Map of elevation ones in VrSac Mountaifith area of interest ("Kula" area), Serbia
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_ the environment with the methods of geographic
2 Material and methods information systems (GIS). By modeling these

Environment landscapes of the outstandirf§atures, we presented the geospatial areas of the

features, Vrsac Mountains, has been compromisedV/fSac Mountains. o _
the first degree of protection — "Kula" area. Thaim The largest part of the "Kula” area, is composed

problem discussed in this paper, the degradatian & crystalline schists, which easily fall apartible,

destruction of the environmental elements, is presé@nd therefore there are observable gullies and
in the entire system surrounding the region of tRFcasional streams. In the "Kula® area one can
outstanding features of Vir§ac Mountains. The wark §Pserve two dominant soil types: automorphic and
this subject should provide methodologica!l‘ydromorph'c soil types. The automorphic soil types

adjustments in order to obtain a more precise way 'Were detected at the initial soil that is undevetbin
get to the actual situation of soil protected aie. Nature and transient. The hydromorphic soil types a

presented the related the theoretical methods, fis@resented by alluvial and gley soil. Fig. 2 shofes
concrete methods and the methods of evaluation 'BY€! Of protection of the Locality Kula.
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Figure 2. Map of protection zones in VrSac Mourdaiith the area of interest ("Kula" area), Serbia

The collected soil samples were stored ibtd, Victoria, Australia), [16]. Instrumental detem
polyethylene bags for transportation and storagd, dimits (mg kg-1) were: for Ca and Mg 0.01. Trace
were air—dried, than sieved through a 2.0 mm meslements were determined with an ICAP 6300 ICP
sieve. Soil pH was determined with a glass eleetrodptical emission spectrometer (Thermo Electron
pH meter, MA 5703, Iskra—Kranj, Slovenia. Soil totaCorporation, Cambridge, UK), after the soils were
C and N were measured with an elemental CNfigested with concentrated HNO3 for extraction of
analyzer, Vario model EL Il (ELEMENTAR hot acid-extractable forms, and by DPTA for
Analysasysteme GmbH, Hanau, Germany), [llgxtraction of DTPA extractable elements [15]. The
Available BOs and KO were determined by the Al-instrumental detection limits (u I-1) were: for Ztg,
method of Egner-Riehm, where 0.1 N ammoniumand Cr 0.01., for Ni, Cu, Pb, Co and As 0.1.
lactate (pH=3.7) was as an extract. After the All chemical analyses were performed in two
extraction, potassium was determined by flam@nalytical replications. The MERCK standards were
emission photometry (photometer, FLAPHO 4, Catsed for the determinations on ICP and SensAA Dual.
Zeiss, Jena) and phosphorous by spectrophotomedgfore the determinations the blank samples were
(spectrophotometer, UV-160A, UV-Visibleread, which allowed to correct the results. For the
Recording, CHIMADZU) after colour developmentverification of the results the referent soil saenplas
with ammonium molybdate and SndB]. Soil Ca determined for all studied elements. The ArcGIS
and Mg were extracted by ammonium acetate asdftware was used as the basic analysis tool ftiap
determined with a SensAA Dual atomic adsorptiodata management and manipulation.
spectrophotometer (GBC Scientific Equipment Pty Locations of the soil samples were determined by
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GPS receivers. According to required accuracy ef tiprojection on Bessel ellipsoid), which significantl
spots where the samples were taken, differentiégd GRiffers from WGS84. In order to match GPS

(DGPS) was used as

a measuring methadeasurements with the maps, we calculated a set o
Coordinates were obtained within World Geocentritansformation

parameters. Seven parameters

System 84 (WGS84). On the other hand, availabi@nsformation (three translations, three rotatiand
maps that were used as a basis for GIS were credtssl scale) was chosen, because it describes tlie be:
within Serbian national datum (transversal Mercatéie changes between two coordinate systems [7].

Table 1: The maximum allowable concentration offtheardous and harmful substances in the soilripi&EL 2]

Elements Cd Pb Hg As

Cr Ni F Cu Zn B

mg/kg

3 100 2

25 100 50 300 100 300 50

Table 2: Maximum value for organic production [14]

In accordance with the samples, we measured a
high content of nitrogen, except for samples Nan@

No. Metal ‘mglkg of 7, where the content of nitrogen is medium.
air-arid soils Phosphorus content is very heterogeneous from the
1 Cd 0.8 very low (samples no. 7 and 10), low (samples No. 6
2 Hg 0.8 and 9) middle (samples 1, 2 and 5) to high (sampfles
3 Pb 50 3, 4 and 8). Potassium was high in all samplespxce
4 Zn 150 in samples No. 6 and 7 where low or medium content
>  Cr 50 of this element is noticed.
673 QL ?é% Table 3: Coordinates fahe case study regiod'Kula" area,
8 PAH 1 Serbia;
9 Mo 10 NoO Coordinates of the case
10 As 10 ' study region
11 Co 30 X Y
1 7534776.41 4996707.32
3 Results and Discussion 2 7534815.41 4996724.53
The soil belongs to the category of highly acidic; 3 7534800.50  4996672.92
with three samples belonging to a group of acids(1, 4 7534774.12 4996630.49
and 9). The soil is without carbonate. The average S 7534798.21  4996580.03
organic matter content is high; the samples 2nd,a 6 7534846.39  4996559.39
are within the mean values, while the sample 6us | ; ;ggjg;gég jgggggégg
Figure 3. Case study region—"Kula" area, Serbia 9 7534847:54 4996692:42
10 7534833.77 4996631.63

. Locality of
' Examples
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Table 4: Base attribute of soil for the localityspleciment (Soil analysis done Ggkmak, D.)

pH C o.M N P05 K-0O Ca Mg

NO-hkal % % % mg/100g mg/100g mg/100g mg/100g “&M9

1 54 332 581664 029 1047 40 192 35 33
> 43 216 3.78432 022 14.66 36 105 21 3.00
3 37 31 54312 03 1741 296 82 16 3.2
4 41 272 476544 03 186  29.2 138 20 4.2
5 52 5861026672 049 1216  32.8 280 43 4

6 375 034 059568 007  9.23 8 100 27 23
7 4 13 22776 011 058 157 29 8 2.2
8 42 7431301736 06 27.28 40 206 23 5.6

O 465 401 7.02552 037 814 385 172 31 3.4
10 45 386 676272 034 54 24.8 134 19 4.3

average 4.38 3.41 5.97432 0.309 12.393 29.46 143.8 24.3 3.55

Commuted calcium content is average in most Content of (DTPA-extractible) iron in the tested
samples, with the maximum in the sample No. 5 aisamples is very high and manganese in the samples
the minimum in the samples 3 and 7. Commuteexcept 6 and 7, where it is low or very low .
magnesium content is high, except in the sample In the sample 7, copper content is low by MAC
number 7, where the lowest content is measured. (maximal concentrations allowed), samples 4 and 8

Content of hot acid extractible micronutrients imave a high content of copper and, at other looatio
the tested samples are low, far below the maximuropper content is within the limits of high. Zinc
allowable amount (MDK-MAC-maximal content is high (samples 1, 3 and 10) and others ar
concentrations allowed) [12]. very high except for sample number 7, which is low.

Table 5: Hazardous and harmful substances foritgadlspeciment, first measuring (Soil analysisiddyCakmak, d.)

No. As Hg Cd Cr Ni Pb Cu Zn Co Mn

1 3.8 0.063 0.3 16 12 18 9 45 7.3 394
2 41 0.084 036 17 13 19 8 45 8.2 439
3 44 0.071 0.26 19 13 22 7 45 7.1 325
4 5 0.065 045 27 17 22 2 74 9.9 565
5 56 0.062 0.39 19 13 21 9 59 105 705
6 39 0.037 029 26 17 12 8 57 10 460
7 8

8 1

[ERN

64 003 025 24 13 14 42 7.6 164

79 0.079 046 20 12 33 1 67 6.4 440

9 3 0.057 034 8 6 19 6 37 46 532
10 3.7 0.068 0.27 10 7 20 6 37 5 329
average 4.78 0.0616 0.337 18.6 123 20 84 50.8 7.66 4353

A great impact on the content of the substratemount identified for the land in the world whehe t
microelements (trace elements) is expressedntent of Cr, Ni, Pb, Cu and Zn below average [1].
throughout the case study area especially f@nm the other hand if we consider the average conten
underdeveloped shallow, skeletal soils in the fadlif soil in Serbia [10], the amount determined fbr a
rankers and regosols. For these reasons evenwemined elements multiples below average. It shoul
anthropogenic pollution is easily noticeable. Resulbe noted that the concentration in the samples were
obtained from the studied samples indicate that tia@ll below the MAC for the soil of Serbia [12], and
content of harmful elements not increased compargtty are below the legal limit for land intended
to the parent material and granite rocks [2]. Meagu organic production[14]. Solubility of some trace
value samples are mostly in the average boundaglgments of the tested samples is somewhat more
except for cadmium, which is slightly enlarged. Thexpresssed due to increased soil pH [5], partiular
obtained quantities are also in line with the ageralead, but only the extraction tool used in the
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methodology allows for such amount and ratio of thdanger that any of the increased quantities apipear
total soluble fractions [4]. Therefore, there is nany significant content in the food chain.

Table 6: Hazardous and harmful substances foritgazlspeciment, second measuring (Soil analysisecoyCakmak,
D.)

Cd Cr Ni Pb Cu Zn Co Mn Fe
0.11 0.017 05 3.1 09 3.0 0.12 33.0 70.0
0.18 0.025 1.0 45 0.9 4.8 0.39 58.0 144.0
0.09 0.022 05 84 16 24 0.78 46.0 254.0
0.17 0.018 0.8 44 15 4.4 0.28 44.0 184.0
0.16 0.020 0.5 3.0 1.2 82 0.07 51.0 83.0
0.03 0.003 03 08 09 7.0 0.09 50 74.0
0.02 0.009 0.1 21 03 05 0.08 20 38.0
0.26 0.031 0.7 126 1511.1 0.31 76.0 335.0
0.19 0.033 0.6 47 11 6.0 0.16 76.0 126.0
0.13 0.022 06 6.2 0.8 3.6 0.17 47.0 125.0
northern and northeastern parts of the VrSac
The quality of the structure [6], and of the soMountains. Because of this, it is necessary to rtfagk
itself, depends on the influence of many factotsoundaries of I, Il and Ill degree of protectiomes
participating in aggregation, as for instance, db prevent further degradation of the environmemnt a
organic matter content, clay, iron and aluminurall its elements. For the protection of the said

. pd

oxides and plant root activity. premises, there is a need for a special act on the
internal order (within the laws the environment
4 Conclusion issues), development plans and programs for the

protection and harmonization of the same [9]. rer t
Taking into consideration the natural values of trpurpose of the further protection, the authorststar
VrSac Mountains and putting it in range of thwith the construction of an ecological information
protected area, there is a need for a higher lefel system of VrSac Mountains, which will hopefully, in
protection, control and management. Due ithe near future, be one of the tools for the cdranal
authenticity of the mountains of VrSac, conditiorthe verification elements of the environment. The
representation, diversity, integrity and landscapesavironment information system has become an
environmental values must create the conditions fimtegral part of the applied informatics. On thaest
the protection for the VrSac Mountains. If we taki® hand, new and provoking environmental requirements
account the proximity of borders with Romania, thearise, stimulating research and development of the
the considered problem may has the interstatdormational methodology and the applications. It
significance in the environmental management. Thefiould be emphasized that environmental informatics
will be an excellent basis for the internationahot only explores the potential benefit from the
cooperation between Serbia and Romania. informational technologies when troubleshooting
The results of the research showed that tlavironmental problems, but also sees its
influence of degrading soil and hazardous pollgantesponsibility considering the negative environraént
and is apparent, especially in the western parthef impact. Constitution of the information systems of
analyzed area. Argument of this is the immediagnvironment is one of the basic entrances for swlut
vicinity of the settlements of VrSac municipaligs in conform to the management of the life
well as use of forests, water sources, tourism aedvironment.
recreation within the first protection zone. It was
determined that the land can be categorized as tsouReferences
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