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Abstract: This paper presents an analysis of the quality of groundwater that are exploited in the territory of the
Mesi¢ village in the factory "Moja voda" on the slopes of the VrSac Mountains. Spring waters formed in the
Tertiary and Quaternary sediments are situated near the high-grade metamorphic complex border of VrSac
Mountains that represents the northernmost prolongation of Serbo-macedonian massif to the West and low-grade
metamorphic complex of the Ranovac-Vlasina-Osogovo terrane to the East. Groundwater is assigned on the basis
of chemical analyses to the group of hydrocarbonate-calcium-magnesium non-carbonated low-mineral water,
whose physical properties and chemical composition is the consequence of geological conditions of the
environment through which circulates. The dominant anions and cations (HCOs, Ca,” and Mg,") accumulate in
groundwater of Mesi¢ as a product of weathering of silicate minerals present in igneous and metamorphic complex
of Vrsac Mountains. The specificity of these waters is an adequate amount of selenium in its composition related to
the Tertiary and Quaternary clay deposits which have the pyrite and organic matter, as well as silica, whose
presence in the water is a consequence of weathering (hydrolysis) of silicate minerals, particularly feldspar.

Water from the exploration wells is classified as “B reserve” according to the applicable criteria.
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Introduction

The terrain which covers an area of Vrsac, as well as the village Mesi¢ (fig. 1),
belongs to the southeastern Banat and represents the extreme southeastern part of the
Pannonian Basin. The relief of the terrain is typically flat, with absolute altitudes of 75-100
m. The most striking part of the relief occupies VrSac Mountains with Kudri¢ Peak (640 m).

The most important hydrographic characteristic of the southern slopes of the VrSac
Mountains are the streams Fize§ and Guzjana that drain part of the southern slopes along the
border with Romania and Mesi¢ stream that drains most of the researched area. The main
hydrographic feature of the stream Mesi¢ is its arched flow from where it flows beneath the
foothills of the VrSac Mountains to Vr3ac, into the VrSac canal (fig. 2). The catchment area
of the stream Mesi¢ is 31.9 km® and the length of the flow is 11.4 km (JTa3uh M., 2010).
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Transport links are good, the most important is highway Belgrade-Vrsac, and the
road network is well developed for the Bela Crkva, Vatin and other villages in the
municipality. This is of particular importance, because of the village Mesi¢, where the
enterprise “Drugi Oktobar” from VrSac built a factory for production and bottling of low-
mineral water, known in the market of Serbia as “Moja Voda”.

At the beginning of the last century hydrogeological investigations were conducted
for drilling artesian wells. Intensive research has begun in the second half of the 20th
century in order to create basic geological, hydrogeological and engineering geological
maps of South Banat and continued in 1966, for construction of Iron Gate I Hydroelectric
Power Station (CrojussxoBuh [I., 2003). At the end of the nineties, specific research on
groundwater reserves began to carry out in the area of the village Mesi¢ (JIazuh M., 2010).
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Figure 1. Geographical position of Vr§ac municipality with the position of exploratory wells IBD 1/01 and
BD 1/96 in the village Mesi¢ (according to Bymkxosuh /. et al., 2012)

For the purposes of defining groundwater reserves at the source in Mesi¢, the
hydrogeological investigations were conducted related to expansion of springs capacity for
bottling, and then to explore the quantity and quality of these waters (Jlasuh M., 2010). The
subject area belongs to the Banat regional system of use, development and protection of
river water (Qynuuh JI. et al., 2009). In the village Mesi¢ the source of low-mineralized
water was recorded, which is due to the properties owned attributed therapeutic qualities.
Exploratory well is drilled to a depth of 68 m, and the water was found at a depth of
between 50 and 65 m.

Factory “Moja Voda” in Mesi¢ aims to expand the capacity of existing bottling of
low-mineral water, in order to meet the market. The decisive role is adequate water supply
in sufficient quantities of suitable quality.
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The geological characteristics of the area and the hydrogeological conditions of
groundwater formation

Study area is located on the southern slopes of the VrSac Mountains situated in the
southern part of the Pannonian Basin. The wider area of VrSac is a depression formed in the
early Miocene with intensive rising of the Carpathians, Dinarides and Alps (Vidovi¢ M.M.
and Gordani¢ V.B., 2012). During the Pliocene and earlier part of Quaternary, after the
retreat of Paratethys, the area of the southern rim of the Pannonian basin passed through the
terrestrial phase of development (Tolji¢ M. et al., 2014).

Metamorphic and igneous complex of VrSac Mountains represents the northernmost
prolongation of Serbo-macedonian massif situated in the contact with Supragetic (Ranovac-
Vlasina-Osogovo terrane) on the East in Romania in the areca of Varadia Mountains
composed of low-grade metamorphic complex (Krdutner H.G. and Krstic B.P., 2003;
Matenco L. and Radivojevi¢ D., 2012).

The oldest rocks are represented by Precambrian crystalline schists which include
albite gneiss and albite-muscovite schist cropping out northwest and north of the Mesié¢
village (BykoBuh A. et al., 1970) (fig. 2). The large area of Vr$ac Mountains is composed of
eyed and fine-grained gneisses. During the Hercynian Orogeny in Carboniferous and
Permian, the granitoid massif which broadly corresponds to the granodiorites was intruded.
K/Ar data of igneous rocks indicate the age of 330-250 Ma (Kréutner H.G. and Krsti¢ B.P.,
2003).

Pontian deposits are represented by smaller isolated bodies in the southeastern part.
They are composed of sands, clays and marls and unconformably overlie crystalline schists.

During the Quaternary a relatively thick succession of genetically different types of
sediments was deposited whose thickness and great distribution indicate that in the wider
area of southern part of the Pannonian Basin intensive sinking of the terrain was taking
place throughout Pleistocene (Marovi¢ M. et al., 2002; Tolji¢ M. et al., 2014). Paludous and
proluvial loams with a lot of clayey and sandy component, lenses of limonite, CaCOs;
concretions and organic matter overlie Pontian sediments (Byxosmh A. et al, 1970;
CrojusekoBuh /1., 2003).

On the northern and western slopes of the VrSac Mountains talus deposits were
formed by mechanical erosion of crystalline schists and granite. Alluvium is represented by
sandy gravel and muddy clay deposits in the stream valley of Mesi¢ (fig. 2).

On the territory of the village of Mesi¢, in sands, a paludous and proluvial loams,
sandy gravels and muddy clays a dense-rock aquifer was formed. Its boundary is similar to
the borders of VrSac-Alibunar wetland (CtojusskoBuh [I., 2003). In marsh sediments,
aquifer is recharged by water primarly from precipitations and subsurface or surface inflows
from higher land. Because the soil contains montmorillonite clays, it swells and becomes
impermeable for the excess surface water and precipitations, that results in flooding the
lowest lands (CrojusskoBuh /., 2003).
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Figure 2. Geological map of the wider area of Mesi¢ (modified after Bykosuh A. et al., 1970). 1. Alluvial
deposits of the Mesi¢ stream; 2. Diluvial sediments, paludous and proluvial loams; 3. Pontian sands, clays and
marls; 4. Late Palacozoic granites; Precambrian: 5. Fine-grained gneiss: 6. Eyed muscovite gneiss; 7. Eyed biotite
gneiss; 8. Granitoide gneiss; Albite-muscovite schists; 10. Albite gneiss.

Material and Methods

In the period from March 2008 to December 2009 a study was conducted to evaluate
the groundwater regime of low-mineral water on the exploration and exploitation wells IBD
1/01 and BD 1/96 (fig. 1). In the period from January 2009 to December 2009 water-
yielding capacity and dynamic water level were measured. Qualitative water regime in both
wells is defined by chemical, radiological and microbiological analyses, from March 2008
to December 2009. Complete chemical analyses of water were done in the City Institute of
Public Health, Center for Hygiene and Human Ecology and the Laboratory of Human
Ecology and Ecotoxicology in Belgrade, and the Military Medical Academy, Division of
Preventive Medicine in Belgrade. Last microbiological analyses were carried out at the
Department of Public Health Cuprija “Pomoravlje”. Radiological analysis were carried out
at the Institute of Nuclear Sciences “Vinc¢a” (Jlazuh M., 2010). The analyses included the
determination of water: physical properties, macroelements, microelements, toxic elements,
radioactive elements, dissolved gases, organic compounds, organic microcomponents,
radioactivity, pesticides, total bacteria, coliform bacteria and other pathogenic bacteria.

For now, the existing well IBD 1/01, which is located within the factory, meets the
needs of the factory and bottling, while other, BD 1/96, is used for water supply of weekend
settlement Dumbrava and as drinking water.
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Results and discussion

Water “Moja Voda” which is exploited from two wells, IBD 1/01 and 1/96 BD can
be categorized as natural low mineralized water (Cn. et CLI' 6p. 53/05). Total of four
complete chemical analyses of water from these wells were made (Jlasmh M., 2010).
Physical properties and chemical composition of the water, and thus its quality, are in
accordance with the geological and hydrogeological conditions of the environment.

Well IBD 1/01

Physical properties of water

Colour: It was observed that the test water is colorless.

Turbidity: Based on the conducted hydrochemical analyses it was found that the water
shows no turbidity.

Odor: In the analyzed samples it was found that the water is odorless.

Taste: Water has a very pleasant taste, due to the absence of any inorganic, organic and
biological agents.

Temperature: The values of water temperatures range from 15 to 15.3 °C.

pH value: The pH value of the water ranges from 6.2-6.4, indicating a weak acidic
environment.

Total water hardness °dH: By specifying the contents of ions of calcium and magnesium, as
well as the content of hydrocarbon ions, it is calculated the total hardness, which ranges
from 6.1 to 6.7 °dH. These values indicate a soft water.

Chemical properties of water

Groundwater is assigned on the basis of chemical analyses to the group of
hydrocarbonate-calcium-magnesium water. In cationic composition, calcium ions are
dominant with a content of 28-31.7 mg/l, followed by 6.8-8 mg/l ions of magnesium. The
anionic composition is dominated by hydrocarbonate ions in concentrations from 122 to 134
mg/l, then the sulphate ions with smaller concentration of 11.9 to 15.2 mg / 1 and chloride
ions, from 9.2 to 10.4 mg/ 1.

In order to analyse the stability of chemical macro-composition, the proportion of
minimum and maximum concentrations of some elements expressed by the stability
coefficient (K) is determined:

The coefficient stability of calcium Kc¢,>" (6.1056%)

The coefficient stability of magnesium Ky;,”* (7.9234%)
The coefficient stability of sodium Ky,  (29.534%)

The coefficient stability of hydrocarbons Kycos™ (4.653%)
The coefficient stability of sulphate Kgos™ (12.268%)
The coefficient stability of chloride K¢ (6.1069%)

These coefficients indicate stable regime of chemical composition of water in the well
IBD 1/01. This refers primarily to the dominant anions and cations (HCO;’, Ca®" and Mg*")
which detrmine the type of water.
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Table 1. Chemical composition and physical properties of water from well IBD 1/01 in the period March
2008 to October 2009 (according to Jlazuh M., 2010)

MAC for
mineral
Parameters (mg/l) | 25/3/2008. | 26/6/2008. 13/4/2009. | 12/10/20009. water
(Ca.
JIucr
CITI op.
53/05)
Temperature °C / 15.2 15 15.3 /
Colour clear <5 <5 <5 without
Turbidity <0.6 0.1 0.2 0.2 /
pH value 6.3 6.4 6.3 6.2 /
Consumption of 1.3 0.3 0.4 1.2 /
KMHO4
Dry residues at 0.185 0.177 0.17 0.191 /
180 °C (g/1)
Electrical 247 250 250 250 /
conductivity
(uS/cm)
Free hydrogen <0.02 <0.02 / <0.02 /
sulphide
(H,S)
Total water 6.70 6.30 6.10 6.10 /
hardness °dH
Hydrocarbons 134 130.5 122 129.3 /
(HCOy)
Nitrites (NO,) <0.004 <0.006 <0.006 <0.006 /
Nitrates (NO;) 15.7 16.2 17.5 18.1 50
Chlorides (CI) 9.3 10.4 9.2 10.4 /
Sulphates (SO,%) 14.4 11.9 12.3 15.2 /
Orthophosphates <0.06 <0.02 0.03 <0.02 /
P)

Fluorides (F) <0.1 0.022 <0.05 0.09 5
Phenols <0.002 <0.001 <0.001 <0.001 /
Arsenic (As) <0.005 <0.001 <0.001 <0.001 0.01

Copper (Cu) <0.05 0.002 <0.002 0.003
Zinc (Zn) <0.005 0.0014 0.004 0.009 /
Iron (Fe) 0.05 0.027 0.001 <0.004 0.2
Chromium (Cr) <0.002 <0.001 <0.002 <0.002 0.05
Cadmium (Cd) <0.001 <0.0005 <0.0008 <0.0008 0.003
Calcium (Ca™) 28 31.7 30.8 30.7 /
Potassium (K") 1.1 1.08 1.14 1.19 /
Magnesium (Mg”") 6.8 8 7.6 7.89 /
Manganese (Mn) <0.01 0.0006 <0.0002 <0.0002 0.5
Sodium (Na") 5.6 11.3 10.7 11 200
Nickel (Ni) <0.001 <0.004 <0.006 <0.006 0.02
Lead (Pb) <0.005 <0.007 <0.005 <0.005 0.01
Mercury (Hg) / <0.0005 <0.0005 <0.0005 0.001
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Well BD 1/96

Physical properties of water

Colour: During hydrochemical regime observations it was observed that the test water is
colorless.

Turbidity: Based on the conducted hydrochemical analyses it was found that the water
shows no turbidity.

Odor: In the analyzed samples it was found that the water is odorless.

Temperature: During the regime observations, the values of the temperature range from
14.4-15.1°C.

Taste: Water has a very pleasant taste, due to the absence of any inorganic, organic and
biological agents.

pH value: The pH value of the water ranges from 6.5-7.1, indicating a neutral environment.
Total water hardness °dH: By specifying the contents of ions of calcium and magnesium, as
well as the content of hydrocarbon ions, it is calculated the total hardness, which ranges
from 6.9 to 9.4 °dH. These values indicate a soft water to moderately hard water.

Chemical properties of water

Groundwater is assigned on the basis of chemical analyses to the group of
hydrocarbonate-calcium-magnesium water. In cationic composition, calcium ions are
dominant with a content of 31.5-48.3 mg/l, followed by 7.2-11.2 mg/l ions of magnesium.
The anionic composition is dominated by hydrocarbonate ions in concentrations from 192.1
to 226 mg/l, then the sulphate ions with smaller concentration of 16.5 to 19.5 mg / | and
chloride ions, from 10.4 to 12.7 mg/ 1.

In order to analyse the stability of chemical macro-composition, the proportion of
minimum and maximum concentrations of some elements expressed by the stability
coefficient (K) is determined:

The coefficient stability of calcium K¢,>" (19.244%)

The coefficient stability of magnesium KMg2+ (19.608%)
The coefficient stability of sodium Ky,  (34.962%)

The coefficient stability of hydrocarbons Kycoz™ (8.3292%)
The coefficient stability of sulphate Kso42_ (8.3449%)

The coefficient stability of chloride K¢ (9.8501%)

The coefficients in the well BD 1/96 also indicate stable regime of chemical
composition of water. Stability coefficients for other cations and anions show slightly higher
oscillation during the observation period. However, since the contents of these components
is very small, they can not affect the quality and type of water, and these changes are
irrelevant in qualifying the stability of the qualitative characteristics of these waters.

Analyses of water from both wells has shown that concentration of phosphate ions,
fluoride, nitrite, nitrate and other trace elements are below the MAC for mineral water. The
concentration of organic compounds (phenol, KMnO, consumption, mineral oils, detergents,
pesticides overall, etc.) are also far below the MAC for drinking water (JIazuh M., 2010).

Radiologic studies has shown that water from wells IBD 1/01 and BD 1/96 meet the
quality requirements for natural mineral water in terms of the content of radionuclides,
while microbiological tests showed that these waters meet the standard.
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Table 2. Chemical composition and physical properties of water from well BD 1/96 in the period March 2008
to October 2009 (according to JIazuh M., 2010)

MAC for
mineral
Parameters 25/3/2008. | 26/6/2008. | 13/4/2009. | 12/10/2009. | water (Ca.
(mg/1) Jincr CII'
op. 53/05)
Temperature °C / 14.5 15.1 14.4 /
Colour clear <5 <5 <5 without
Turbidity <0.6 0.1 0.1 0.1 /
pH value 7.1 6.6 6.5 6.5 /
Consumption of 1.4 0.3 0.4 1.2 /
KMHO4
Dry residues at 0.208 0.248 0.259 0.256 /
180 °C (g/1)
Electrical 280 350 350 350 /
conductivity
(uS/cm)
Free hydrogen <0.02 <0.02 / <0.02 /
sulphide
(H,S)
Total water 6.90 9.40 9.20 9.30 /
hardness °dH
Hydrocarbons 226 198.3 192.1 197.6 /
(HCOy)
Nitrites (NO,) <0.004 <0.006 0.006 <0.006 0.1
Nitrates (NO3) 12.4 15.6 16.1 18.5 50
Chlorides (CI") 10.4 11.1 12.7 12.5 /
Sulphates (SO,”) 17.1 16.5 19.5 18.8 /
Orthophosphates <0.06 <0.02 <0.02 <0.02 /
P)
Fluorides (F) <0.1 0.048 0.09 0.1 5
Phenols <0.002 <0.001 <0.001 <0.001 /
Arsenic (As) <0.005 <0.001 <0.001 <0.001 0.01
Copper (Cu) <0.05 0.002 0.001 0.002 1
Zinc (Zn) <0.005 0.007 0.0071 0.007 /
Iron (Fe) 0.13 0.005 0.036 0.016 0.2
Chromium (Cr) <0.002 <0.001 <0.002 <0.002 0.05
Cadmium (Cd) <0.001 <0.0005 <0.0008 <0.0008 0.003
Calcium (Ca™) 31.5 48.3 46.8 48 /
Potassium (K") 1.2 0.841 0.83 0.885 /
Magnesium 7,2 11.2 11.2 11.2 /
(Mg”)
Manganese (Mn) <0.01 0.0003 0.0008 0.0004 0.5
Sodium (Na") 6.6 15.9 15 15.7 200
Nickel (Ni) <0.001 <0.004 <0.006 <0.006 0.02
Lead (Pb) <0.005 <0.007 <0.01 <0.005 0.01
Mercury (Hg) / <0.0005 <0.0005 <0.0005 0.001
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Hydrocarbonate-calcium-magnesium water usually represent typical karst waters
formed within limestone and dolomite rocks as a result of chemical dissolution of
carbonates, whereby the origin of the ions Ca®" and Mg®" is usually explained by dissolution
of calcite, dolomite and magnesite (Petrovi¢-Panti¢ T. and Zlokolica Mandi¢ M., 2012;
Krishna Kumar S. et al., 2012 and many others). It is considered that in groundwaters
originated in non-carbonate rocks Ca*", Mg”" and HCO5 ions may be derived by dissolution
of silicate minerals (Orthoclase, Plagioclase, Hornblende, Pyroxene, Biotite) (Tesoriero A.J.
et al., 2004; Srinivasamoorthy K., 2008; Razowska-Jaworek L., 2014). The weathering of
feldspar (Orthoclase, Plagioclase) and ferro-magnesium silicates (Biotite, Hornblende and
Pyroxene) in igneous and metamorphic complex of Vrsac Mountains indicate the main
source of Ca*", Mg*" and HCOjy’ions in this environment.

The specificity of these waters is an adequate amount of Se and Si, thus are
recommended for urological and gastrointestinal diseases (Bymxosuh /[I. et al., 2012). The
origin of Se in groundwater is related to the Tertiary and Quaternary clay deposits rich in
pyrite and organic matter (Matamoros-Veloza A. et al., 2011; Cary L. et al., 2014).
Weathering (hydrolysis) of silicate minerals, especially feldspars is the most important
source of Si in water (Dobrzynski D., 2005; Petrovi¢ T.M. et al., 2012). This element is
genetically related to the granites of VrSac Mountains, rich in feldspar and intensively
feldspatizied crystalline schists in contact with the granodiorite intrusion. Although the
small number and restricted sizes of granite outcrops at the surface, a great rock mass in
depth can be presumed (Kuexesuh B. et al., 1998). For igneous and metamorphic rocks is
characteristic fracture porosity. Along the fault systems and cracks hydrothermal solutions
circulate which yield dissolved substances in groundwater (Petrovi¢ T.M. et al., 2012).

12
u{l""} 04 102 102 1. e 0158 s

100440200877

Figure 3. Histogram of the average monthly amount of exploited water from January to December 2009 in
the well IBD 1/01.
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Figure 4. Histogram of the average monthly amount of exploited water from January to December 2009 in
the well BD 1/96.

It is considered the continuity in the monitoring of groundwater quality based on
previous analyses of the physico- chemical characteristics of groundwater from research-
exploitation wells IBD 1/01 and BD 1/96 (JIazuh M., 2002). A steady regime of chemical
composition and physical properties of the water at the source, “Moja Voda” in Mesi¢ is
determined.

Histogram of the average monthly amount of exploited water during the period from
January to December 2009 for both wells is constructed based on the results of water-
yielding capacity. It was established a stable regime of water-yielding capacity in both wells
that are not affected by the seasonal climatic fluctuations (figs. 3 and 4).

Conclusion

“Moja Voda” is natural calcium-magnesium-hydrocarbonate low-mineral non-
carbonated water. With the aim of protecting and securing new quantities of high quality
groundwater for multipurpose use of bottling, hydrogeological investigations in the
surroundings of the Mesi¢ were carried out. Water from wells IBD 1/01 and 1/96 BD
corresponds to B category according to the applicable criteria (Cn. JIuct CPJ 6p. 12/98 and
13/98; Ca Jluct CDPJ op. 34/79).

For now, the existing well IBD 1/01 meets the needs of water bottling factory, as
well as BD 1/96 of water supply for the weekend settlement Dumbrava. In case of need to
increase the capacity of the factory “Moja Voda”, water from well BD 1/96 could be used as
technical water and possibly for bottling.

The total amount of water that is currently exploited at the source of factory “Moja
Voda” yields 4.2 1/s. For the well IBD 1/01 B category water reserve is 0.9 1/s, while for the
well BD 1/96 B category water reserve is 3.3 I/s.
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Based on the physico- chemical characteristics of groundwater from research-
exploitation wells it can be cosidered a stable regime of chemical composition and physical
properties of these waters. All hydrochemical parameters are within the limits prescribed by
legal regulations for natural mineral water (Ci. JIuct CLI" 6p. 53/05).
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AHAJIN3A KBAJIMTETA IOA3EMHUX BOJA CA ACIIEKTA I'EOJIOIIKE
I'PABE HA TEPUTOPUJU CEJIA MECHUR 3A IIOTPEBE ®JIAIIINPAIBA
(OINIIITHHA BPIIAILI)

JIPATAHA BYLIKOBUR?, UBAHA LIAPEBWR® , BEJIMMIP JOBAHOBUR?,
HATALIA BHOYAHUH®

'Yuusepsumem y Huuy - Ipupoono-wamemamuuxu paxynmem, Buwezpaocka 33, Huw, Cpéuja
*Vuueepsumem y Beoepady-T'eoepagcxu daxynmem, Cmydenmeku mpe 3/3, Beoepad, Cpouja
T “pyau oxmobap ”, Cmesana Hemarve 26, Bpuay, Cpbuja

Cazkerak: Y pajy je NpeACTaB/bCHA aHAIM3a KBAJMTETa MOJ3EMHHMX BOJA KOje C€ EKCIUIOATHINY Ha TEPUTOPHUjU
cena Mecuh y ¢dabpuum ,,Moja Boma“ Ha maguHama Bpmaukux ruranunHa. M3mancke Bozme ¢opmupane y
TepPLUHjapHUM W KBapTapHUM CEIMMEHTHMa Cy CMCLITCHE Yy IMOAPYYjy PaHMIE BHCOKOMETaMOP(HHX CTeHa
Bpiraukux miiaHWHA Koje MPEACTaBJbajy Kpajie CeBepHO Hpoiyxeme CpICKO-MaKeIOHCKE Mace Ha 3amagy U
HHCKOMeTaMOp(hHOT KoMmIulekca TepaHa PanoBan-Biacuna-OcoroBo Ha MCTOKY. AHaiM3e Cy IMoKasalie Ja Boaa
[pHIafa TPYNH KaJlIHjyMCKO-MarHe3HjCKO XHIPOKApOOHATHUX HErasMpaHMX CIa0OMHHEPATHHMX BOJA 4dje Cy
(u3MyYKe 0COOMHE M XEeMHjCKU CacTaB ITOCIICAULA TEOJIOMIKUX yCJIOBa CPeMHE KPo3 KOjy OHa LUpKyiuiie. JoHn
Ca**, Mg* n HCO; ce akymynupajy y mom3eMHMM Bojama Mecuha Kao MpOIyKT pacriajama CHIMKATHHX
MHHepaja IPUCYTHUX y MarMaTtcKoOM U MeTaMOp(hHOM KoMILIeKcy Bpuraukux minannHa. Crienu)maHOCT OBHX BOAA
je ITO y CBOM cacTaBy MMajy oAroBapajyhe KoiaMyuHe cejeHa KOjH ce Be3yje 3a TeplUujapHe M KBapTapHe
IJIMHOBHTE HAclare y KojuMa je MPHUCYTaH IMPHT U OPraHCKa MaTepHja, Kao M CHINLHjyMa 4Huje je MPHCYCTBO Y
BOAM MOCIEINNA pachafama (XHIPOIN3e) CWIMKAaTHUX MuHepana, mocebHo denacmata. Boga u3 mctpaxHo-
eKCIUIoaTallMoHUX OyHapa npunazaa b kareropuju npema BakehuM KpuTepujymuma.

Kibyune peun: Mecuh, Bpurauke mnanune, ,,Moja Boga®, craboMuHepanHa Boza, pU3HIKe 0COOHHE, XeMUjCKU
cacTaB

YBoa

Tepen koju oOyxBara moapydje Bpmma, kao u cenmo Mecuh (cn.l), npumaga
jyroucrounoM baHaty u npencTaBiba Kpajibu jyrouctounu jgeo Ilanonckor 6acena. Pesbed oBor
TEpeHa je TUIMYHO PABHUYAPCKHU, Ca alcoNyTHUM BUcuHama ox 75-100 m. Hajuspasutuju neo
pesbeda 3ay3umajy Bpmauke mianune ca Kynpuakum Bpxom (640 m).

I'maBHO obesexje jy)KHUX MaauHa Bpliaukux riaHuHa y XUAporpad)CKOM CMHCITY YUHE
notouu ®usem, I'y3jana u motok Mecuh. [IpBa 1Ba M3BHpPY U APEHUPAjy AEO jyXKHUX MaJUHA Y3
rpanuily ca PymyHujoMm, 10K HajBehu €0 HCTpaKUBAHOT TepeHa ApeHupa notok Mecuh. ['nmaBHo
xuaporpadceko obenexje noroka Mecuh je meros nyunu Tok o Mecuha, onakie Tede UCIOJ
nobpha Bpmaukux mimanuHa no Bpuina, rae ce ynuBa y Bprmauku kanan (cn. 2). TloBpurnna
ciauBa motoka Mecuh m3nocu 31,9 kmz, a nyxuHa Toka 11,4 km (Jlasuh M., 2010).

CaoOpahajue Bese cy mo0Ope, HajBaXXHHUJU je MarkucTpaiHu nyt beorpaa-Bpuai, a myTHa
Mpexa je 1oOpo pasBujeHa npema benoj Lpksu, Batuny u npyrum cenuma y ommutusu. To je ox
nmoceOHOr 3Hayaja, 30or cena Mecuh, rue je JIT "Ipyru okrobap" u3 Bpuiua carpanuo $hadbpuxy
3a eKcIuloaTalujy ¥ Quamupame cIa0OMHUHEpalHUX BOJa, MO3HATOj Ha TpxumTy Cpluje kao
,»Moja Bomga“.

IToueTkoM HPOILIOT BeKa BPIICHA CYy XUAPOTEOJIONIKAa HCIIUTHBAKA 33 MOTpede OyIIemha
apreckux OyHapa. IHTeH3MBHA HCTpaXXHBamba Cy I0Yela J1a ce BpIIe OYETKOM JIpyre MOJOBHHE
20. Beka y LUJbY M3paJe OCHOBHE I'€OJIOLIKE, XUIPOrEOIOIIKE U HHXEHEPCKOTEONIOUIKE KapTe

*Email: dragana.maric@gmail.com
The research was supported by the Ministry of Education, Science and Technological Development of the Republic
of Serbia, Project No. 176017.
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jykHor banara, a HactaBjbeHa cy 1966. romune, 3a mnorpebe wusrpagme XE Deppan
(CrojussxoBuh ., 2003). Kpajem neBeneceTux rojuHa HOpOLLIOr BeKa Cy Ioyela Ja ce BpIle
HaMEHCKa MCTPaXXMBamba O pe3epBaMa MoI3eMHUX BoJa y 30HH cena Mecuh (Jlazuh M., 2010).

Ciuka 1. I'eorpadckn nostoxaj ommuruHe Bpman ca mosoxkajem ucrpa:kaux oynapa UBJ1 1/01 u BJ1 1/96 y
cesry Mecuh (mpema Bymkosuh 1. u ap., 2012).

3a notpebe neduHuCcama pe3epBH MOA3EMHUX BoJla Ha M3BOpHUINTY y Mecuhy ypahena cy
XHZIPOTEOJIOIIKa HCTPAXXKMBamka, KOja Ce OJHOCE Ha MPOIINPEHE KalaluTeTa HW3BOPHUINTA 32
(namypame, a 3aTUM M UCTpaKUBame KOJUYUHA U KBanureTa oBux Boja (JIasuh M., 2010).
IIpeqmerHu mpoctop mpunaaa OaHATCKOM PETrHOHATHOM CUCTeMy Kopuiihemwa, ypehewma wu
3amrute pednux Boja (Jdynuuh . u np., 2009). Kog cena Mecuh eBuaeHTHPAHO je U3BOPHILTE
HHUCKOMHHEPAJIU30BaHEe BOJE, KOjoj ce 300r OcoOMHA KOje TOceayje HPHUIKCYje U JICKOBHUTO
cBojcTBO. McTpaxknu OyHap OylieH je mo ayOuse ox 68 m, a Boja je mpoHalheHa Ha nyOuHU
uzmehy 50 u 65 m.

®abpuka ,,Moja Boga“ y Mecuhy uma 3a 1ujp OpoLIMpEmnE KamanureTa 3a mnocrojehe
¢bmammpame crabOMHHEpPATHHX BOJA, Y LIJbY 3aJ0BOJbEHa TpikumTa. IIpecymHy ymory mma
00e30eheHoCT BOJIOM Y TOBOJbHUM KOJIMYMHAMa OJroBapajyher kpanurera.

I'eonomke kapakTepHUCTHKE TePeHAa U XUAPOTe0JIOIKH YCI10BH (opMupama
NMOA3eMHHUX Bo/Aa

Toapydje uCTpaXKMBaHOT TEPEHA HANIA3H CE Ha jY)KHUM OOpOHIMMa Bplraykux riiaHuHa
Koje mpunanajy jyxaom neny IlaHoHckor Oacena. Illupa okonmHa rpaga Bpuia nexu y
JIeTIpecHju Koja je gopMHpaHa y paHOM MHOLIEHY TOKOM HHTEH3MBHOT W3im3ama Kapmarta,
Huuaapuna u Amna (Vidovic M.M. u Gordani¢ V.B., 2012). TokoMm miMoleHa U crapujer
KBapTapa, HaKOH THoBiauerma [lapateTuca, obnact jyxHor oboxa ITaHOHCKOr GaceHa mMposa3u
Kpo3 KonHeHy ¢a3y paszsoja (Tolji¢ M. u np., 2014).

MeramopbHH ¥ MarMaTtCKd KOMIUIEKC BpIIaukux IUIaHMHA MPEACTaBJba CEBEPHO
npoayxkeme CPICKO-MaKeJOHCKE Mace Koja je y KOHTAaKTy ca CyNOparecTMKyMOM (TepaHoM
PanoBau-Bnacuna-OcoroBo) Ha uctoky y Pymynuju y oGmactu Viradia mnanuHa Koje cy
usrpaljeHe ox meramoppHux creHa Huckor creneHa kpucranuaurera (Kriutner H.G.n Krsti¢
B.P., 2003; Matenco L. u Radivojevi¢ D., 2012).

Hajcrapuje  TBOpeBHHE Cy TpEICTaBJbeHE IMPEKAMOPHjYMCKUM  KPUCTANIACTUM
HMIKpUJbLIMMA Y YHjU CaCTaB yja3e alOMTCKU THAjCEBH M aJIOMTCKO-MYCKOBUTCKH HIKPUJBIIH
OTKpUBEHU CeBepo3anajHo U ceBepHo of cena Mecuh (BykoBuh A. u gap., 1970) (cam. 2).
Okuactu 1 CUTHO3PHU rHajceBu u3rpalyjy Hajeehe noapydje Bpiaukux raHuHa.

TokoM kapboHa W TIepMa 3a BpeME XCPIMHCKOT TEKTOMAarMaTCKOT IHKIyca je
MHTPYIOBAaH TPAaHUTOMIHM MAacHB KOjH Yy HajIIMpeM CMHCIy OATOBapa rpaHoaunopuTuMa. Ha
ocHoBy K/Ar ananuze je yrBpheHo aa je crapoct oBux marmarckux creHa o 330-250 munuona
roauHa (Krautner H.G. u Krsti¢ B.P., 2003).

TIOHTCKH CEUMEHTH CY HPEICTaBJbCHU MAbHM H30JI0BAHUM MapTHjaMa Y jyrOMCTOYHOM
Jeny TepeHa. Ibuma onromapajy meckoBH, IJIMHE W JIAIIOPH KOjU JIEKE IPEKO KPHCTATACTUX
HIKPUIBAIIA.

TokoM KBaprapa HaTallOXKEHa je pEelaTHBHO Jebesia CyKIeCHja TeHETCKH pa3IMYMTHX
TUIOBA Hacjara 4uja JeOJbMHA M BEIHMKO paclpocTpameme ymyhiyje aa cy ce Ha mmpeM
noJpyyjy jyxHor nena [TaHoHCKOT OaceHa TOKOM IUICUCTOIICHA OJ[BH]jala HHTCH3UBHA CIYIITamka
(Marovi¢ M. u gap., 2002; Tolji¢ M. u ap., 2014). IIpexo NOHTCKUX ceAUMEHATa Jexe Oapcke U
NPOJyBHjalHEe CYTJMHE ca JOCTa INIMHOBUTE M IECKOBUTE KOMIIOHEHTE, COYMBHMA JIMMOHUTA,
xoHkpeuujama CaCO; u oprancke marepuje (Bykosuh A. u ap. 1970; Crojuskosuh [1., 2003).
Ha ceBepHuM u 3amagHuM naguHamMa Bpriaukux miaHuHA Cy pa3BUjeHE IeTyBHjaTHE TBOPEBUHE
HacTajle MEXaHWYKOM €pO3HMjOM KPUCTANACTUX INKPWballa M TPaHUTA. AJYBHjATHM HAaHOC
noroka Mecuh je usrpal)eH o/ meCKOBUTHUX IIJbYHKOBA U MYJbEBUTHUX TITHHA (CII. 2).
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Ha tepuropuju cena Mecuh, y neckoBuma, 0apcKMM W TPOJYBHjAIHUM CyTrJIMHAMA,
HECKOBUTHM IIJbYHKOBUMA U MYJbEBUTUM IIIHHAaMa je (OopMHUpaH 30HjeHN THI H3aHH. | paHue
M3J]aHU C€ YTJIaBHOM TIOKJIANajy ca rpaHuliaMa Bpliayko-anuOyHapckor puta (Crojusbkosuh [,
2003). IIpuxpamuBame U34aHU ce y OapCKUM CEIUMEHTHMA BPIIM MaJaBUHAMA M MOJ3EMHUM,
OJIHOCHO  TIOBPIIMHCKMM  JIOTHI@jeM ca BHUIOMX JIeJIoBa TepeHa. 30or caapxkaja
MOHMOPHOHHTCKUX TJHHA, TIO HPH BIaXemy OyOpH M IOCTaje BOJOHEIPOIYCHO 3a BHIIAK
MOBPUIMHCKUX BOJA WM MaJaBHHA, NPU YeMy JOJa3d [0 IUIABJbEHAa HAJHIKHX JeJIoBa TepeHa
(Crojusbkosuh 1., 2003).

Cinka 2. I'eotomka kapra mmpe oxkojune Mecuha (MogudukoBano npema Bykosuh A. u
np., 1970). 1. AnyBujannu HaHoc motoka Mecuh; 2. [lenyBujaiHu CeIUMEHTH, Oapcke H
nponysujanHe cyriuHe; 3. IIoHTCKH 1meckoBH, TIHHE U Janopy; 4. Mialjenaneo30jcku rpaHuTH;
IIpekamOpujym: 5.CutHO3pHM THajceBH; 6.0OKIACTH MYCKOBUTCKH THajceBu; 7.0KUacTu
6uotutcku rHajceBu; 8.I'paHuTongHu rHajceBd; 9. ANOUTCKO-MYCKOBUTCKU MIKpuubLy; 10.
ANOUTCKH THAjCEBH.

Marepujaa u metone

Y nepuony ox wmapra 2008. mo geuemOpa 2009. rogune mnpaheH je pexum
cnaboMUHEpaTHUX BOJa Ha MCTpa)kHO-eKcIoaranuonuM OyHapuma MBJI 1/01 u BJI 1/96 (cx.
1). Bpuiena cy Mepema M3alIHOCTH U IWHAMUYKOT HMBOA BOZE Yy Tieproay o janyapa 2009. no
neuem6bpa 2009. romune. M3pagoM XeMUjCKHX, PaAUOIOLIKUX U MUKPOOUONOLIKMX aHalu3a
npaheH je KBaIMTAaTUBHU PEXUM BoJia y 006a OyHapa, o mapta 2008. roaune o nenem6dpa 2009.
roquHe. KommietHe xemujcke aHanuse Boja cy paheHe y I'pajgckoM 3aBoay 3a jaBHO 37paBibe,
Ilentpy 3a XxurmjeHy M XymaHy ekojorujy u Jlaboparopuju 3a XymMaHy €KOJIOTHjy H
eKoTOoKcuKonornjy y beorpany, u y BojHomennuuuckoj akagemuju, CeKTop 3a IPEBEHTHBHY
MeauiuHy u3 beorpana. Ilocnenme MukpoOuosnonike aHanuze cy paheHe y 3aBoay 3a jaBHO
3apaBibe Rynpuja "Ilomopasibe". Paguonomke ananuse cy pahene y MHCTUTYTY 3a HykJieapHe
Hayke "Bunua" (Jlazuh M., 2010). Ananmuze Boja cy oOyxBatuiie ojpehuBama: (Qu3MIKHX
ocoOMHa, MaKpoeleMeHaTa, MHKpOeIeMEHaTa, TOKCHYHHX eJIeMEHATa, paJHOaKTHBHUX
elleMeHaTa, PACTBOPEHHMX TacoBa, OPTAaHCKHX KOMIIOHEHATa, OPTaHCKHX MHKPOKOMIIOHEHATa,
PaIMOaKTUBHOCTH, NECTUINAA, YKYITHUX OakTepHja, KOIM(POPMHUX OaKTepHja U OCTAIUX BPCTA
MaToreHux Oakrepuja.

3a caga nocrojehu 6ynap MBJ] 1/01, xoju ce Hanasu y kpyry ¢abpuxe, 3a10BOJbaBa
notpebe came (padpuke u Quammparma, 10k apyru, b1 1/96, cnyxu 3a BogocHabOieBamke BUKCH]T
Hacesba JlymOpaBa 1 kao Boja 3a nuhe.

Pe3yaTaTu ucrpaxkuBama U JTHCKYCHja

Boma “Moja Boma” koja ce ekcruioatume u3 asa Oynapa, UBJ] 1/01 u Bl 1/96 ce
MOX€ CBPCTATH Y KaTerOpHjy MPUPOAHUX MajmoMuHepann3oBanux Boaa (Ci. smer CLT Op.
53/05). YkynHo cy ypaljeHe deTHpH KOMIUICTHE XEMHjCKE aHaJHW3e BOJE W3 OBHUX OyHapa
(JTazuh M., 2010). dusnuke ocoOMHE M XEMHJCKH cacTaB BOJE, Ila CAMUM THM U HbCH
KBaJIUTET, Cy y CarJIACHOCTH ca reoJIOIIKOM IpaljoM TepeHa M XUAPOTeOIOIKIM YCIOBUMA.

Hcempasicno-excnnoamayuonu oynap UBJ] 1/01

du3nyKe ocodbuHe Boje

boja: 3anaxeno je na cy ncnutuBaHe Boae 6e300jHe.

Ilpospaunocm: Ha ocHOBY ypah)eHHX XHIPOXEMHjCKUX aHAJIN3a YTBPHEHO je 11a je oBa Boaa

npo3payHa.
Mupuc: Ha nciuTuBaHUM y30pIMa yTBpheHo je na je Boga 6e3 Mupuca.
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Vkyc: Bona je Bpio mpujaTHOT yKyca, 300T 0/ICYCTBa OMIIO KAKBUX HEOPTaHCKUX, OPTaHCKHIX
1 OMOJIOIIKUX areHaca.

Temnepamypa: Bpennoctu temneparype Boje ce kpehy ox 15 mo 15,3 °C.

pH unoexc: Bpemnoctu pH oBux Boma ce kpehy on 6,2-6,4, mTo ykasyje Ha ciabo KHCeIy
CpenuHy.

Tepooha eode: OnpehuBameM caapikaja joHa KallldjyMa W MarHe3Wjyma, Kao W cafapikaja
XHAPOKapOOHATHHX jOHA, M3padyHaTa je yKylHa TBpaoha, koja ce kpehe ox 6,1-6,7 °dH.
OBakBe BpPEeJHOCTH yKa3yjy Za je ped 0 MEKOj BOJH.

XeMmujcke oco0nHe BoJe

Ha ocHoBy pesynTarta XHIpOXEMHjCKHX HCIUTHBama KBAINTETA, OBE BOJE CE MOTY
CBPCTaTH y XHJIPOKapOOHATHO-KAJLMjYMCKO-MarHe3ujcke. Y  KaTjOHCKOM CacTaBy
JOMHMHHUPAjy jOHH Kaiiujyma ca caapxkajeM on 28 nmo 31,7 mg/l, a mocne marHesujyma ca
canpxajeM ox 6,8 1o 8 mg/l. YV aHjoHCKOM cacTaBy IOMHHHUDajy jOHH XHIpOKapOOHara ca
KoHIeHTpanrjama ox 122-134 mg/l, 3aTim joHu cyndaTa ca MamUM KOHIIEHTpAIlMjamMa OJl
11,9-15,2 mg/l, xao u xnopuaau jonu, ox 9,2-10,4 mg/l.

3a aHanu3y CTAaOWJIIHOCTH XEMHjCKOT MaKpO cacTaBa, aHAJIM3UpPaH je OJJHOC
MHUHUMAQJIHE M MaKCHMajHe KOHLEHTpaluje IO0jeANHHUX eJeMEHaTa H3PaKeH Kpo3
koepunmjent crabuiaaocTH (K):

e Koedpunmjent crabunaoctn kamuujyma KCa = 6,1056%

e  Koedunmjent crabunaoctn maraesujyma KMg = 7,9234%

e Koedunujenr crabmnnoctu Hatpujyma KNa = 29,534%

e Koedunujenr cradbmnnoctu xuapokapoonara KHCO; = 4,653%
e Koe¢unujenr cradbunnoctu cynpara KSO, = 12,268%

e Koe¢uuujenr crabunnoctu xaopuna KCl = 6,1069%

OBH KOe(PUIIMjEHTH TTOKA3yjy Ja Ce pay O CTAOMITHOM PEXUMY XEMH]jCKOT cacTaBa BOJIE U3
oynapa UB]] 1/01. OBo ce omHocH Tipe cBera Ha JOMUHaHTHE aHjoHe W KatjoHe (HCOj,
Ca’" i Mg®") xoju onpelyjy Tun Boze.

Tabena 1. IIpuxa3 xemujckor cactapa U GU3HYKHX ocoduHa Boje u3 Oynapa UBJI 1/01 y nepuony mapt
2008-oxTo0ap 2009. ronune (npema Jlasuh M., 2010)

Hcmpasicno-excnnoamayuonu oynap BJ] 1/96
dusnuke 0cOOMHE BOJE

boja: Y ToKy XHIPOXEeMHjCKUX PEKIMCKUX OCMaTpama, 3aakeHo je a cy Boae 6e300jHe.
Ilpo3paunocm: Ha ocHOBY ypal)eHHX XHUIPOXEMHU)CKUX aHAN3a, BOJAA j€ IIPO3pavHa, Tj. HHje
MyTHAa.

Mupuc: Ha nciuTuBaHuM y30pIIMMa YTBphEHO je na je Boma 06e3 Mupuca.

Temnepamypa: Y TOKY p&KAMCKHX OCMaTpama, BPEIHOCTH TeMiiepaType ce kpehy on 14,4-
15,1°C.

Vkyc: Bopa je Beoma mnpujaTHOr ykyca 300r OacycTBa OWJIO KakBHX HEOPTIaHCKHX,
OpPraHCKUX M OMOJIOLIKKX areHaca.

pH undexc: Bpennoctu pH unaekca ucnuruBanux Boja ce kpehy ox 6,5-7,1, u ykasyjy Ha
HEyTpaJlHy CpeIuHy.
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Tepooha sooa: OnpehuBameM cajnpiaja joHa KaJIMjyMa M MarHe3ujyma, Kao W cajpikaja
XUIPOKapOOHATHUX jOHA, M3payyHATa je YKymHa TBpjaoha, koja ce kpehe on 6,9-9,4 °dH.
OBaxBe BPEeJHOCTH yKa3yjy Ja je ped 0 MEKOj JI0 YMEPEHO TBP/0j BOJIH.

Xemujcke 0co0UHe BOJe

Ha ocHOBY pe3ynTaTa XHAPOXEMHjCKUX MCIHUTHBAba KBAJIMTETa, OBE BOJAE CE MOTY
CBPCTAaTH Yy XHAPOKapOOHATHO-KAJIIHjYMCKO-MarHesnjcke. Y  KaTjOHCKOM  CacTaBy
JIOMHUHHUPAjy jOHH Kalmujyma ca caapxxajeM ox 31,5 mo 48,3 mg/l, a mocne marne3njyma ca
canpxajeM ox 7,2 o 11,2 mg/l. YV aHjoHCKOM cacTaBy IOMUHMPA]y jOHH XHIpOKapOOHaTa
ca KoHUIeHTpauujama on 192,1-226 mg/l, 3atum joHu cyndara ca MambUM
KOHLeHTpanujama ox 16,5-19,5 mg/l, kao u xsopuauu jonu, ox 10,4-12,7 mg/l.

3a aHann3y CTAOMJIHOCTM MAakKpo cacTaBa aHAIM3UPaH jeé OJHOC MUHHMAJIHE W
MaKkCHMaJlHe KOHLEHTpAalMje MOjeANHUX eJIEeMEHaTa, M3PaKEH Kpo3 KOe(UIIMjEeHT
crabuwnoctu (K):

e Koedrmujent crabunnoctn xamujyma KCa = 19,244%
Koedummjent crabunaoctn maraesnjyma KMg = 19,608%
Koedunumjent crabunaoctn Hatpujyma KNa = 34,962%
Koedummjent crabunaoctn xugpokapoonata KHCO; = §,3292%
Koeddummjent crabunaoctu cyndara KSO, = 8,3449%
Koedpumumjent crabumaoctn xmopuna KC1=9,8501%

Koedunujentn kox Oynapa B[ 1/96 Takohe moxasyjy na ce paau o craGHiIHOM
PEXHUMY XeMH]jCKOT cacTaBa Boje. KoehurijeHTn cTabmIHOCTH 3a OcTale KaTjoHe W aHjoHe
nmokasyjy HemTo Beha ocluioBama y TOKYy Iepuoaa ocMmaTpama. Mehyrtum, momTo cy
caJp)kaju THX KOMIIOHEHATa BEOMa MaJli, OHU HE MOT'Y YTHULIATH HA KBAJIUTET U THII BOJEL, Ia
Cy Te IIpOMeHe HeOUTHE KOJ JOKa3HBamka CTAOMIHOCTH KBAIUTATHBHUX OCOOMHA OBHX BOJA.

AHanmzama Boja u3 06a OyHapa HHje YTBphEeHO MPHUCYCTBO TPEKO JTO3BOJHEHUX
KOHLEHTpalyja joHa ¢ocdara, ¢uyopuna, HUTpHUTA, HHUTpaTa Kao U  OCTaIUX
MuKpoesnemenata. Canpikaj opraHckux KomroHeHata (¢enona, yrpomak KMnOy,
MHUHEpaJIHUX YyJba, JETEplIeHaTa, YKYNHHX IEeCTUIMIa, W Ap.) cy aanexko ucnox MJK
BpeaHocty 3a nujahy Boxny (Jlasuh M., 2010).

Papnonomknm ucnmruBamuMa je yrBpheHo na Boae n3 6ynapa UBJ] 1/01 u B/11/96
UCIyaBajy ycJOBE KBAJIWTETa 3a NPUPOJHE MHUHEpallHe BOJAE Yy TOTJIEy cajapiKaja
PagMOHYKINAA, TOK Cy MUKPOOHOJIOIIKA HCIIUTHBAba II0Ka3aia Jia Cy OBe BOJE HCIPABHE.

Ta6ena 2. [Ipuka3 xeMujckor cactaBa H GU3MYKUX 0ocoOMHa BoJe u3 6yHapa B/I 1/96 y nepuoay mapt 2008-
oktodap 2009. roqune (mpema Jlazuh M., 2010

XuzpokapOOHAaTHO-KAJIINjyMCKO-MarHE3WjCKO ~ Boje  Hajuemhe  NIpeiCTaBibajy
TUIMYHE KapCTHE BOJE Koje ce (GopMHUpajy y OKBHPY KPEUHAYKHX M JOJOMHTCKUX CTEHA
K0 MOCNE/INIA XEMH]CKOT pacTBaparma KapOoHaTa, IpH ueMy ce mopekio jona Ca™" u Mg
Hajuemhe o0jamrmbaBa pacTBapameM Kalllura, fojomura U Maruesuta (Petrovic-Panti¢ T. u
Zlokolica Mandi¢ M., 2012; Krishna Kumar S. u np., 2012 u muoru apyru). Cmatpa ce aa
ce y HekapOoHaTHHM cTeHama jorn Ca®’, Mg”" 1 HCO5 akyMy/upajy y IOI3eMHHM BOJaMa
Kao TPOAYKT pacnajama CHIMKATHAX MHHepana (OpTOKJac, IUIardoKiIac, XOpHOJIeH.a,
nupokcenn, ouotur) (Tesoriero A.J. u mp., 2004; Srinivasamoorthy K., 2008; Razowska-
Jaworek L., 2014). Pacmagame denacnara (opTokiac, MiIarnokiac) u ¢GpepoMarHe3ujCcKux
cunukaTta (OMOTUT, XOpHOJEHAa U TTMPOKCEHHN) PUCYTHUX Y MarMaTckoM ¥ MeTamop(hHOM
KOMILICKCY BpImaukux IUTaHHHA mpejcTaBiba riasuu mssop Ca’’, Mg’ u HCO5 joHa y
OBOj CPE/IMHHU.
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CrneunguyHOCT OBHX BOJIa j€ LITO y CBOM CacTaBy UMajy oArosapajyhe konnuune Se
u Si, TIa ce Ipenopyyyjy Ko ypoJIOIIKUX U FaCTPOUHTECTHHAIHUX 00oJberba (Bymkosuh /.
u jap., 2012). Tlopekno Se y moa3eMHHM BOAaMa ce Be3yje 3a TEpLHUjapHE M KBapTapHE
TJIMHOBHTE HAcjiare y KojuMa je MpHUCyTaH MUPUT U opraHcka matepuja (Matamoros-Veloza
A. u gp., 2011; Cary L. u ap., 2014). Pacnagame (Xuaposinza) CHIMKATHUX MHHEpala,
nocebHO QenacnaTa je Haj3HadajHHjU m3Bop Si y Boau (Dobrzynski D., 2005; Petrovi¢ T.M.
u 1p., 2012). OBaj eneMeHT ce TEHETCKH Be3yje 3a TpaHUTe Bpmiauknx IUlaHWHA KOjH CY
Ooratu QenacmaTiMa W KpHCTANTacTe IIKPHJBIIE KOjU Cy Ha KOHTAKTY Ca TPAaHUTOUTHOM
MHTPY3HjOM HHTCH3UBHO (enacnatu3npanu. Mlako TpaHUTH UMajy Maly pacpoCTPameHOCT
Ha MOBPILMHY, IPETIOCTaBJba ce Aa ce y AyOnuHu Hanasu Beha maca oBux crena (Kuexesuh
B. u ap., 1998). 3a marmatcke n mMeramopdHEe CTEHE je KapaKTepUCTHYHA IYKOTHHCKA
nopo3HocT. [ly cuctema pacesia U MyKOTHHA LUPKYJIHUITY XHIPOTEPMAIHH PACTBOPH KOjH
HpUHOCE pacTBOpeHe Matepuje y noazemue Bojae (Petrovi¢c T.M. u np., 2012).

Cuanka 3. Xucrorpam cpeambux MeCeYHHX KOJUYHHA eKCINIOATHCAHUX BO/IA 0] jaHyapa 10 aeuemopa 2009.
roauHe Ha 6ynapy UB/I 1/01.

Cinka 4. Xucrorpam cpebHX MeCeUHHX KOTHYHHA eKCIUI0ATHCAHHX BOJA O] jaHyapa 10 AeneMopa
2009.rogune y 6ynapy BJI 1/96.

Ha ocHOBy mperxoqHuX aHann3a (HU3MYKO-XEMHjCKUX KapaKTEPUCTHKA MOA3EMHHX
BOJa W3 HCTpakHO-ekcruioarannonux OyHapa WBJ] 1/01 m B 1/96 (Jlasmh M., 2002)
3aKJbydyje ce Jja NOCTOjH KOHTHHYUTET Yy npahemy KBaJUTETa MOA3EMHUX BOJA, IPU YEMY
je yTBpheH craOmiaH pEKMM XEMHUJCKOr cacTaBa M (DU3MYKUX OCOOMHA OBUX BOJA Ha
u3BopulITy "Moja Bona” y Mecuhy.

Ha ocHoBy pesynrara Meperma n3anrHocTi OyHapa u3pal)eH je Xucrorpam cpelmbux
MECCUHHMX KOJIMYMHA CKCIUIOATHCAHUX BOJA y MEpPHOAY OJ janyapa ao neremoOpa 2009.
roavHe 3a oba OyHapa Ipu YeMmy je YTBpheH cTaOuiaH peXHM H3JAIIHOCTH BOJE y 00a
OyHapa, Ha KOju HHCY yTHIIa]a Ce30HCKa KIIMMaTcKa koebama (ci1. 3 u 4).

3ak/byuak

“Moja Bozma” je mpHUPOIHA BOAAa KOja TpHIAAa TPyHH KaJlHjyMCKO-MarHe3HjCKo-
XUAPOKApOOHATHUX HeTasupaHuX ciabomuHepanHux Boma. Ca IW/BeM 3alITHTE U
o0e30chmBarba HOBHX KOJNMYMHA KBAIMTCTHHUX IIOJ3EMHHX BOJa 32 BHUIICHAMEHCKO
Kopummheme y cBpXy (iammpama H3BpIICHA Cy XHAPOTEOJIOMIKA HCTPaXHBama y IMUPO]
okonnHu Mecuha. Bona u3 O6ynapa WB/] 1/01 u B/l 1/96 mpunana b xareropuju npema
Baxehum kpurepujymuma (Ca. JIuct CPJ 6p. 12/98 u 13/98; Cin JIuct CDPJ 6p. 34/79).

3a cana, nocrojehn 6ynap MB/1 1/01, 3anoBosbaBa norpede dadpuke 3a drammpame
BoJe, kao u B/l 1/96 3a notpebe BojgocHaOneBama BUKCH Hacesba JymOpaBa. Y ciyuajy
notpede 3a nosehamwem kananurera gadpuxe “Moja Boga”, n Boxa uz Oynapa b/l 1/96 ou
ce MorJia KOPUCTUTH Kao TEXHUYKa BOAA ¥ EBEHTYAIHO 3a (ialipame.

YKynHa KOJMYMHA BOAE KOja Ce€ TPEHYTHO EKCIIOJIATHINE Ha M3BOPHUIITY (hadprke
“Moja Boma” je 4,2 1/s. 3a 6ynap MBJ1 1/01 pe3epsa Boae b kareropuje nznocu 0,9 1/s, 1ok
3a Oynap B/l 1/96 pesepsa Bone b xareropuje usnocu 3,3 1/s.

Ha ocHOBY (hH3MYKO-XEMHjCKHX KapaKTEPUCTHKA MOJ3EMHUX BOJA M3 HCTPAXKHO-
eKCIIoATallHOHUX OyHapa MOXe C€ 3aK/by4uTH Ja C€ pagd O CTaOHIHOM pPeXUMY
XEMHjCKOI' cacTaBa U (U3MUKUX OCOOMHA OBMX Boja. CBM XHIPOXEMHMjCKH HapaMeTpH ce
Hajla3e y rpaHMIaMa npeABHEHMM 3aKOHCKUM peryjiaTiBama 3a HPUPOJHY MHHEpPAIHY
Boay (Ca. Jluct CHTI 6p. 53/05).

Jluteparypy Buneru Ha ctpanu 101.



