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TRACE ELEMENTSIN WINESPRODUCED AT HOME IN THE TIKVES AREA

Ivan Boev', Sonja L epitkova’, Tena Sijakova-l vanova®

'Goce Delcev University, Stip, Republic of Macedonia
’Faculty of Natural and Technical Sciences, "Goce Delcev" University,
Goce Delcev 89, MK-2000, Stip, Republic of Macedonia
ivan.boev@ugd.edu.mk

A Dbstract: In this paper the results of the geochemical research of the presence of trace elements (Al, As,
Ba, Ca, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Sr, V u Zn) in the wines produced at home in the Tikve$ area with
the application of the methods of ICP-AES and (ETAAS) are shown. The paper also presents the correlations made
on the basis the presence of certain trace elements in the soil on which the specified variety of grape wine is grown
and the same elements in the wine which is produced from that type of grape. The correlations basically point to the
fact that there is no great correlation between the presence of the determined trace elements in the soil and wine pro-
duced at home. Namely, these correlations for the determined geochemical pairs are the following: Algyy/Alyiye (0.04);
Assoil/ASvine (011), Basoil/Bavine (023), Casoil/cavine (002)9 Cdsoil/Cdvine(70~06); Cosoil/covine (7026), Crsoil/crvine (7
004)> Cusoil/cuvine (004)5 Mgsoil/Mgvine (7030), Mnsoil/anine (7040), Nasoil/Navine (01 1); Nisoil/Nivine (003),
Pbgoi/Pbyine (0.27); The lack of significant correlations between the given geochemical pairs is a result of a few mo-
ments such as: (1) the presence of trace elements in the soil is determined up to the depthof 30 cm. (2) trace elements
in soils are present mainly in the silicate matrix from which the elements are not easily excreted into aqueous solu-
tions. (3) the root system of the grape vine is at a much greater depth of 30 cm.

Key words: wine; geochemistry; elements in traces; correlations

INTRODUCTION

Wine is a drink that is an integral part of the
human diet and it has played a significant role in
the development of the society, religion and cul-
ture. Like any other skill, the production of wine
was based on empirical findings, perception of
some external phenomena, without getting into the
essence of the process. This way of producing
wine for centuries until Pasteur opened the doors
of science for understanding the processes that
occur while producing wine with his book, "Study
on Wine" (1866).

The wine as a product of alcoholic fermentati-
on of the must contains a number of compounds,
some of which are in the must, while others occurr-
ed during the alcoholic fermentation, with the
transformation of sugar into some other compo-
unds. All of these compounds enter the geo-chemi-
cal composition of the wine, thus defining the
quality that is manifested by the organolepthic
properties of the wine. For the quality of wine not

only qualitative composition is important, but also
the quantification of compounds and elements in it.
The determination of the geochemical analysis of
the composition of wine is made by using analyti-
cal methods. Some of these analytical methods are
simple and fast, and some are complex and require
more time for analysis.

The results concerning the determination of
the presence of trace elements in wines that are
produced at wineries in the area Tikves, as in other
wine regions in the country, can be found in the
works of: Cvetkovi¢ et al. (2002a); Cvetkovi¢ et al.
(2002b); Cvetkovi¢ et al. (2002c); Stafilov et al
(2009); Karadjova et al. (2007); Karadjova et al.
(2004); Cvetkovi¢ et al. (2001); Tasev et al. (2004,
2006, 2005). Likewise, the results concerning the
geological, pedo-genetical and the geochemical
characteristics of the region of Tikve$ and its wider
surrounding can be found in the works of: Boev et
al. (2005), Stafilov et al. (2008).
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Physical-geographic characteristics
of the Tikves area

Among the valleys in Macedonia which by
their position differ from one another, the Tikves
Valley stands out as a separate entity with its geo-
graphical, geomorphologic, and the anthropolo-
gical-geographical features. With an area of
2120 km® the region Tikve$ occupies a significant
part of the territory of Macedonia. The Tikves
valley is constrainedin the southby the Mariovsko-
Meglanski Mountains, whose ranges are up to
1700 meters. The mountain heights are also well
expressed in the east and west. To the west of the
valley is the mountain "Borila" of 1500 meters and
in the south is the mountain "Ballina" with 1400 m
and Karadak with 750 meters height. This Tikves
valley constrained with mountains is cut by the
river Varda on the northern side, in the west by the
river Crna Reka, while the river Luda Mara runs
through the middle of the valley.

In a narrower geographical sense, the Tikves
valley lies: in the north by the river basin Bregalnica
opposite the villages Vini¢ani and Nogaevci and
then turns above the villages Gradsko and Dolno
Ci¢evo, then above the villages Sirkovo, Mrzen
Oraovec, Fari§, Raec up to the village Nikodin, to
the hill Nozhot and up to the village Toplice.

The western boundary of the valley begins
from the locality Toplice across the road Gradsko—
Prilep to the villages Raec and Drenovo towards
the Tikves Lake. It covers the localities Suva Gora
with the surroundings of the villages Begniste,
Kosani and Dabniste. The area continues south-
ward the villages Vatasa, MokliSte and the
Vitacevo plateau. This section covers the villages
of the locality Belgrade with the villages Gorni and
Dolni Disan, Przdevo and Demir Kapija. The south
side ends with the village Dren.

The East side moves across the river Vardar
in the direction of the village Kore$nica, cuts the
Lipkovska river and goes toward the villages
Brusnik and Pepeliste, then passes the river Vardar
and the railway line Skopje—Gevgelija to the
village Ulanici and ends with the mouth of the
rivers Vardar and Bregalnica.

Climate

The climate has a great impact on the devel-
opment of the grapevine in terms of quantity and
quality of the grapes. As an important factor in the
development of the grapevine, the climate consists

of the air temperature, the sunlight, and the humid-
ity of the air currents which are present in a given
area. Each of these factors has its own influence
upon the grapevine which is seen through the
growth of the grapevine, the level of ripening of
the fruit and the production of quality ingredients
which from grapes pass into vine.

The geographical position and the relief of the
Tikvesh area are the main factors which affect the
totality of the climate characteristics. The Tikves
area is an area of two intersected climates — conti-
nental and Mediterranean. The local mountain cli-
mate has less impact.

The influence of the continental climate
comes from the north along the Vardar River and
the Bregalnica River. As a result, we have short
and quite cold periods.

On the other hand, the Mediterranean climate
comes from the Aegean Sea in the south along the
valley of the river Vardar and it results in warm
winters with relatively high temperatures.

The influence of the local mountain climate is
limited and if there is any, it is highly felt in the
mountain part of the area. Under the influence of
these climates a special modification of the Medi-
terranean climate is produced in this region. As a
result, the Tikves region is rich in vegetation.

Temperature

The grapevine is a domestic plant which can
vegetate and live in extremely high temperatures in
the areas with warm climate, as is the case in the
Tikves$ area. This region belongs to very warm ar-
eas and this factor has a very favorable influence
on the development of viticulture. The mean an-
nual temperature in Kavadarci is 18.9 °C, and
19.5 °C in Demir Kapija. The warmest month in
Kavadarci are July and August with an average
temperature of 24.7 °C, and the coldest is January
with an average temperature of 1,5 °C.

The Tikves region is characterized by relatively
high temperatures, especially during the summer
months. The highest temperature of 44.5 °C in the
Republic of Macedonia was registered in Demir
Kapija on 22.07.1952 year, whereas in Kavadarci it
was 41°C. The absolute minimum of the air in
Kavadarci was noticed on 27.01.1952 and it was
—17°C, and in Demir Kapija it was —22 °C.

The mean number of summer days when the
air temperature is over 30 °C for Demir Kapija is
68, and it 1s a bit less for Kavadarci.

Geologica Macedonica, 24 (2), 75-86 (2010)
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Rainfalls

The largest part of the Tikve§ region is
characterized by small amounts of rainfall and the
territory around Gradsko is considered to be the
site with the least rainfall per square meter in the
Republic of Macedonia. The mean amount of
rainfall is 484 mm in Kavadarci. July and August
are the most arid summer months in Kavadarci
with the mean monthly amount of 23 to 27 mm.

The average annual days with rainfalls in
Kavadarci range from 63 to 112 days. If the total
amount of rainfall is divided by the number of rainy
days, the average is 5 mm of rain on a rainy day.

Geological characteristics of the Tikves area

The geological characteristics of the area
Tikves have so far been the subject of research by
a growing number of geologists, but the most
complete description can be found in the works of
Rakicevi¢ et al. (1965) and Hristov et al. (1965).
Based on these studies made within the develop-
ment of the basic geological map of the Republic
of Macedonia in Tikve$ area the litho-stratigraphic
sequence has the following order (Fig. 1).
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Fig. 1. Geological map of Tikves area
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The oldest formations have northwest-sout-
heast direction delineation (NW-SE) and belong to
the inner part of the Vardar zone. The lowest
Paleozoic (Pz) metamorphic complex is repre-
sented by two series as follows: a series of amphi-
bole and amphibole-chlorite schists with layers of
marbles and a series of quartz-schist with quartz-
sericite pro-layers of marble and filities. Along the
rupture structures in the Vardar zone in the form of
elongated tapes and interspersed lenses serpentini-
ties appear. The furthest south-west of the area
Tikves is represented with marbles and dolomites,
which are probably of Devonian age.

Through a series of Paleozoic metamorphic
rocks developed the Mesozoic (Mz) formations,
mainly from the Late Cretaceous age. The Turonian
(K2) sandstones, massive conglomerates and lime-
stone extend to the southwest and the west Tikves of
the area. The diabases and the submarines outbursts
of spilites are common in the lower parts of this
sequence, where also smaller masses of gabbros
appear. The Paleozoic and Mesozoic rocks cover
nearly 39 km’ in the southwest and west part of the
area Tikves.

The complex of Tertiary and Quaternary
sediments covers most of the Tikves area. The
Upper Eocene (4E3) flysch sediments and yellow
sandstones occur along the valleys of the rivers
Vardar, Crna River and Luda Mara, as well as in a
fraction of the Tikves basin. These sediments with
depth to 3500 m cover about 34 km” mainly in the
northern part of the Tikves area.

The Tikves basin is filled with Pliocene (PI)
sediments, bordering with the Vardar River in the
north and the Paleozoic-Mesozoic formation which
covers the north-west-southeast. This area is
mainly represented by sandy series of different
sands. These series are homogeneous, containing
mostly yellow sands with low content of coarse
sandy clay (pebble sandy clay) and fine-bean gray
sandstone, poor in fossil remains. The Pliocene
(P1) sediments cover most (about 182 km?) of the
central part of the area Tikves.

Southeast of Kavadarci there were Quaternary
(Q) pyroclastic volcanites with tuffs, Brecias and
agglomerates, which covered around 25 km®,

The Quaternary period is represented by
diluvium (d), river terraces (t) and alluvium (al).
The diluvial sediments (12 km?) contain coarse
material from the surrounding rocks, mixed with
sand and clay material. Along the rivers Vardar,
Crna and Luda Mara terrace sediments are formed
(23 km®). The terraces contain gravel, sand and
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clay. Alluvial sediments (40 km?) cover the flood-
ing plains of the rivers Vardar and Crna and Luda
Mara and consist mainly of sand and clay.

Pedo-genetical characteristics of the Tikves area

The pedo-genetical characteristics of the area
Tikves are shown based upon the detailed
pedological description of the present types of soils

(Fig. 2):
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Fig. 2. Pedological map of Tikves area

Automorphyc soils

Lithosols with the profile type (A)-R1-R2 are
developed or poorly developed soils with a
maximum depth of 20 cm of the solum, formed on

a strong or weak cracked rock. These soils have
low productive capacity due to the shallow solum,
high skeleton content and low content of clay.
These soils have no importance for the agricultural
production.

Rogosols with the profile type (A)-C are
formed on loose sediments. They are formed by
accelerated erosion of the soil profile of previously
developed soils with initial pedogenetical proces-
ses that lead to the creation of poorly developed
horizon (A). These soils are prone to erosion, so
we recommend anti erosive safeguards. Regosols
are characterized by lower fertility than the
neighboring soils from which they were made by
erosion.

Soil complex from regosols and litosols in
Tikves§ appears on the terrains that are characteri-
zed by a greater slope, west of the Lake Tikves$ in
the areas of the villages Debriste, Kamen Dol and
Krusevica and northwest up to the village of Dolno
Cicevo.

The soil complex of litosols, regosols and
renzines appears quite often. Litosols are noted on
the highest parts of the ground. Very often on the
surface where there is a presence of litosols solid
rocks can be notised as well. Regosols appear on
fields that are characterized by a slightly larger
slope where erosion by the solum is progressively
rejuvenating, whereas the rendzinas appear on flat
fields and at the foot of the hills where there is an
outbreak of frequent change of regosols at small
distances. This soil complex is widespread in the
area of the village Drenovo, then in the villages
Sirkovo, Kamen Dol, Mrzen, Oreovec, Debriste
and east of the district Gradsko on the left side of
the river Vardar.

Soil complex litosols, regosols and rankers
appears on the plateau Vita¢evo near Kavadarci.
Litosols and rankers are formed on the basis of
compact volcanic tuffs, and the regosols are for-
med by erosion of the humus-accumulative horizon
of the rankers.

Diluvial (coluvial) soils are defined as unde-
veloped and poorly developed soils with the
possible (A) or Ar horizon. They have a simple
construction of the profile of the type (A)-C. They
are formed by erosion and transportation of sub-
strates and soils from higher terrain by means of
surface waters and water from torrential streams
and modern sedimentation of the such eroded
material in the foot parts of the ground. Horizon
(A) contains a slightly larger amount of humus
horizon than (C), but there are no visible signs of

Geologica Macedonica, 24 (2), 75-86 (2010)
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the formation of structural aggregates. The diluvial
soils have large horizontal and vertical (in depth
profile) heterogeneity of all properties. In compa-
rison with the alluvial bordering soils they have
lower productive capacity.

Renzins are soils with profile of the type-A-
AC-C. They are formed upon the bulk silicate-
carbonate substrate with a mollic A horizon. The
depth of humus horizon is 40 cm it has a dark gray,
dark brown to black color with well-expressed
structure. The carbonates emerge from the surface
or at a certain depth. Most renzins are extensively
used in the agriculture and one part of them is
under pastures. On a map they are represented as a
complex of rendzines and regosols, and a complex
of litosols, regosols and rendzines. The complex of
rendzines and regosols occupies the largest surface
of the Tikves area. In the vicinity of the village of
Dolno Cigevo small areas of cinnamon forest soils
and regosoli appear.

Vertisols are loamy soils formed on clay
sediments with more than 30% of clay, which
gives them a property of swelling (smektites) or on
acidic rocks or ultra-acidic rocks whose decay pro-
vides larger quantities of clay. Vertisols in the Tik-
ves area are developed on tertiary clay sediments
of a low wave relief with low inclination. They
have the type of profile A-AC-C. The soil contains
more than 30% of the clay horizon and has vertical
properties: prismed cracks and distinctive struc-
ture. A horizon has a depth greater than 30 cm and
AC horizon is typically 20-30 cm deep. In the
Tikve§ area thevertisols are isolated as an inde-
pendent soil type. They prevail in the immediate
vicinity of villages Ribarci, Trstenik and Vozarci
and north of Kavadarci.

Chernozem is a soil type of the semiarid
steppe regions with typical molic Ay horizon which
is thicker than 40 cm and with a front horizon AC

(250 cm). They contain CaCO; mostly from the
surface and in the lower part of horizon A or AC.
The horizon A has well expressed stable grain
structure. In the Tikve§ area chernozems often
contain carbonates from the surface, and in some
sections they are washed to some depth in solum.
Chernozems were singled out as special pedo-
logical units (Fig. 2) north of the village Rosoman,
whereas smaller areas are located east of the
village Palikura and between the villages Timjanik
and Dolni Disan.

Cinnamonic forest soils are soils with a
profile of the type Ar-(B)-C or Ar-(B)C-C. They
are characterized by the cambic horizon (B), which
lies between A and C horizons. Cambic horizon
(B) always contains more clay than the A horizon.
It is more compact, with reduced capillary poro-
sity, reduced stability of the structural aggregates
and reduced presence of water. The production
capacity of these soils is not great.

Hydromorphic soils

Alluvial soils are contemporary (recent) river
or lake sediment layers, and they can have a
horizon (A) or (Ar), and even G. Unlike the diluvi-
al soils they are characterized by good assortment.
The suspended materials from which these soils
are formed have heterogeneous mineralogical-
petro graphic composition. According to mecha-
nical properties they are light soils. The macro
structure is poorly expressed, and therefore the
physical properties depend on the mechanical
composition. They have good water, air and heat
regime. They are a very fertile type of soil and they
are used for intensive agricultural production. They
are represented as an independent soil type along
the rivers Vardar, Crna Reka and Luda Mara.

METHODOLOGY OF WORK

The sample of wine (15.0 mL) is placed in a
quartz furnace and ethanol is slowly added until
the sample reaches a volume of 8 ml, then quanti-
tatively it is placed in 25 ml calibrated volumetric
bottle and made up to the mark with concentrated
HCL.

Instrumentation

The elements are analyzed through the appli-
cation of atomic spectrometric method with dual
plasma (AES-ICP) and the method of electro

Geologica Macedonica, 24 (1), 75-86 (2010)

thermal spectrometric atomic absorption (ETAAS).
With the method of AES-ICP the following
elements were also measured: Al, As, Ba, Ca, Co,
Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Sr, V and
Zn. The concentrations of As, Cd, Co, Cr, Ni and
Pb in wine samples were below the detection limits
of AES-ICP and therefore were analyzed by
ETAAS. Instruments such as: Varian 715-ES
Series ICP Optical Emission Spectrometer (Varian,
USA) and Zeeman ETAAS Varian SpectrAA-
640Z were used for the analysis.
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OBTAINED RESULTS AND COMMENT

The results of the geo-chemical determination
of concentrations of macro elements and trace
elements in wines that are produced at home in the
Tikves area by applying the methods of ICP-AES
and ETASS are shown in Table 1.

Table 1

The spatial position of samples taken from the
wines produced at home and the correlation bet-
ween the presence of definite geo-chemical pairs
of elements in wines/soils is shown in the images
(Figs. 3-8), and statistical parameters are shown in
Tables 2 and 3.

Concentration of macro elements and trace elements in wines produced at home in the Tikves area

Ii?lp Sort of vine Region — attar 1;;231:? l?) fnsg?g(sie - Al Ba Ca Cu K Me
mg/1

I-1 Kratosija Debriste-Ramniste 41.459362°/21.895683°  0.11  0.17 62.23 0.046  851.7 102.87
-2 Smederevka Debriste-Ramniste 41.459362°/21.895683° 0.22  0.11 39.77 0318 5826 88.86
1-3 Smederevka Ljubas 025 0.68 55.73 0.051 742.0 87.87
1-4 Kavadarka Ljubas 039 021 125.15 0.049  895.0 106.71
I-5 Burgundec Glisicki atar 41.460129°/22.014170°  0.10  0.06 19.77  0.036  431.0 23.92
I-6 Smederevka Poroj (nad otpad) 41.453508°/ 21.997288°  0.17  0.08 34.11 0.093 6368 57.14
1-7 Smederevka Drenovo 41.432973°/ 21.881231° 096  0.15 99.74  0.036  868.0 70.15
1-8 Kratosija Drenovo 41.432892°/ 21.889044° 027  0.10 51.57  0.127 8972 96.18
1-9 Burgundec Sirkovo 41.445288°/ 21.907220° 0.55  0.07 22.25 0.020 3235 26.24
I-10  Rizling Ribarci 41.507803°/ 21.976810° 243  0.10 105.16 0277  698.5 95.27
I-11  KratoSija Goligaz 41.445470°/ 21.986805° 0.29  0.22 49.02 1.081  442.1 116.22
I-12  Vranec Ovcka Reka 41.436889°/ 22.054705°  0.89  0.19 82.09  0.051 9834 88.19
I-13  Smederevka Kurii-Lazarica 41.521023°/ 22.023823°  0.87 0.24 81.64  0.058 8293 87.08
I-14  Kaberne Sopotsko 41.483175°/ 22.043180° 0.78  0.34 7840  0.065 11094  90.66
I-15  Smederevka Krivi Dol Resava 41.403094°/ 21.977884° 1.08  0.22 32,12 0.127 7488 81.15
I-16  Kratosija Kalnica 41.421496°/ 22.021953°  0.81 047 35.66 0.077  819.8 113.34
I-17  Smederevka Korija-Resava 41.409952°/ 21.977952° 026  0.12 4340  0.009 1002.6  72.63
I-18  Kaberne Sopot 41.508380°/ 22.006101° 044  0.34 85.01 0.034 11150 130.52
I-19  Belan Kopacot 41.418623°/ 22.003520° 043  0.16 2549  0.881 4153 89.50
1-20  Kratosija Kurii 41.527615°/ 22.005905° 1.38  0.20 36.99 0.043 13743  79.59
I-21  Sardone Kurii 41.527615°/ 22.005905° 0.96  0.11 26.02  0.030 12532  93.60
1-22 Smederevka Gradevica 41.393553°/ 21.986142° 0.29  0.14 57.67 0.029  606.0 74.54
1-23  Smederevka Dabniste 41.384672°/ 22.006563°  0.27  0.22 37.81 0.085 8132 78.53
1-24  Vranec Begniste 41.358727°/ 21.994742°  0.65  0.09 60.66  0.023  956.1 86.18
1-25  Merlo Krnjevo (Plostovo) 41.310944°/ 22.125286°  0.27  0.25 57.87 1.389  805.5 83.90
1-26  StaneSina Dabniste 41.384672°/ 22.006563°  0.34  0.27 44.87 0.115 8247 100.37
1-27  Kratosija Kruska 41.465574°/ 22.044982°  0.65  0.47 4729  0.031 11743 12232
1-28  Vranec Mokliste 41.387880°/ 22.046183° 0.16  0.38 4947  0.090 11825  66.86
1-29  Smederevka+Kratosija ~ Rosoman (Konjarovec) 41.520796°/ 21.931591°  0.63 0.18 39.16 0.135  666.9 90.13
1-30  Kratosija Dolni Disan 41.448101°/ 22.090495° 0.24  0.18 29.79 0.050 778.6 101.88
I-31  Rekaciteli Krnjevo (Plostovo) 41.313702°/ 22.125842°  0.19  0.17 3537  0.184 3972 87.53
[-32  Kaberne Krnjevo (Poleto) 41.310946°/ 22.131133° 493  0.43 42.10  0.134 16264  88.97
1-33  KratoSija Ljubas 41.443418°/ 21.987745° 035  0.38 48.81 0.079 8679 113.37
1-34  Smederevka Belgrad 41.424559°/ 22.041539° 1.09  0.10 4394 0874 5447 82.06
I-35  Belan Sivec 1.55 025 37.59 0873 5712 73.03
1-36  Vranec Palikura 41.527579°/ 21.975896° 1.05  0.16 62.65 0.045  1470.1 88.39
1-37  Smederevka+Temjanuga Goligaz 027  0.10 25.92 0.490 4545 82.53
1-38  Kratosija Bel Kamen 41.430558°/ 21.997249° 127  0.38 32.85 0319 8835 114.85
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Table 1. Continue

;z:)r‘nple Sort of vine Region — attar 1;;231:/5 1?) flsg?illtsle Co cr Ni Po Zn
pg/l
I-1 Kratosija Debriste-Ramniste 41.459362° /21.895683° 1.81 7.18 92.58 81.17 0.31
I-2 Smederevka Debriste-Ramniste 41.459362°/21.895683° 7.24 8.65 313.83 <5 0.15
I-3 Smederevka Ljubas 2.12 3.09 41.62 80.28 1.12
1-4 Kavadarka Ljubas 3.72 7.48 62.71 2522 0.59
I-5 Burgundec Glisicki atar 41.460129°/22.014170° 0.48 1.37 22.18 15.56 0.23
1-6 Smederevka Poroj (nad otpad) 41.453508°/ 21.997288° 0.84 6.48 60.46 28.09 0.57
1-7 Smederevka Drenovo 41.432973°/ 21.881231° 224 19.70 119.95 53.18 0.23
1-8 Kratosija Drenovo 41.432892°/ 21.889044° 5.58 13.52 108.52 21.55 0.66
1-9 Burgundec Sirkovo 41.445288°/ 21.907220° 0.96 <1 23.02 16.42 <0.1
I-10 Rizling Ribarci 41.507803°/ 21.976810°  10.57 15.06 26.68 36.92 0.35
I-11 Kratosija Goligaz 41.445470°/ 21.986805° 3.86 8.90 58.19 103.57 0.70
I-12 Vranec Ovcka Reka 41.436889°/ 22.054705° 3.50 9.81 9.35 18.33 0.78
I-13 Smederevka Kurii-Lazarica 41.521023°/ 22.023823° 3.38 4.68 11.99 12.61 0.66
I-14 Kaberne Sopotsko 41.483175°/ 22.043180° 1.39 4.46 17.98 59.09 0.12
I-15 Smederevka Krivi Dol Resava 41.403094°/ 21.977884° 6.63 21.79 75.89 28.02 0.30
I-16 Kratosija Kalnica 41.421496°/ 22.021953° 0.58 11.85 23.56 47.42 <0.1
1-17 Smederevka Korija-Resava 41.409952°/ 21.977952° 0.38 4.84 16.44 <5 <0.1
1-18 Kaberne Sopot 41.508380°/ 22.006101° 2.79 4.00 6.71 <5 0.13
I-19 Belan Kopacot 41.418623°/ 22.003520° 1.70 3.21 12.39 22.29 0.26
1-20 Kratosija Kurii 41.527615°/ 22.005905° 4.84 13.23 10.96 6.38 0.28
1-21 Sardone Kurii 41.527615° 22.005905° 3.10 12.64 <5 <5 0.14
1-22 Smederevka Gradevica 41.393553°/ 21.986142° <0.1 22.06 37.19 37.15 <0.1
1-23 Smederevka Dabniste 41.384672°/ 22.006563° 0.39 5.30 19.17 24.45 0.11
1-24 Vranec Begniste 41.358727°/ 21.994742° 2.80 6.61 13.09 40.94 0.11
1-25 Merlo Krnjevo (Plostovo) 41.310944°/ 22.125286° 0.18 541 15.52 66.80 0.33
1-26 StaneSina Dabniste 41.384672°/ 22.006563° 0.74 12.50 13.10 6.02 0.10
1-27 Kratosija Kruska 41.465574°/ 22.044982° 3.33 19.82 31.73 218.34 0.77
1-28 Vranec Mokliste 41.387880°/ 22.046183° <0.1 245 33.73 <5 <0.1
1-29 Smederevka+KratoSija ~ Rosoman (Konjarovec) 41.520796°/ 21.931591° 1.85 10.44 21.21 72.69 0.26
1-30 Kratosija Dolni Disan 41.448101°/ 22.090495° 0.43 2.71 <5 <5 <0.1
I-31 Rekaciteli Krnjevo (Plostovo) 41.313702°/ 22.125842° <0.1 1.87 <5 218.99 0.24
1-32 Kaberne Krnjevo (Poleto) 41.310946°/ 22.131133° 2.02 99.53 56.05 26.89 0.04
1-33 Kratosija Ljubas 41.443418°/ 21.987745° 1.35 13.16 44.07 54.60 0.90
1-34 Smederevka Belgrad 41.424559°/ 22.041539° 3.40 8.16 27.29 289.79 0.59
1-35 Belan Sivec 6.73 30.09 93.29 156.75 0.37
1-36 Vranec Palikura 41.527579°/ 21.975896° 0.78 12.49 31.84 25.44 <0.1
1-37 Smederevka+Temjanuga Goligaz <0.1 4.04 <5 90.70 0.32
1-38 Kratosija Bel Kamen 41.430558°/ 21.997249° 1.50 18.46 37.26 49.56 0.18
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Fig. 3. Spatial position of samples taken from soils and wines
and their geo-chemical correlation (Algyy/ Alyines)
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Fig. 4. Spatial position of samples taken from soils and wines
and their geo-chemical correlation (Asgi/ASyine)
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Fig. 5. Spatial position of samples taken from soils and wines
and their geo-chemical correlation (Cdgy;/Cd,ine)
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Fig. 6. Spatial position of samples taken from soils and wines
and their geo-chemical correlation (Cryy;/Cryipe)
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Fig. 7. Spatial position of samples taken from soils and wines
and their geo-chemical correlation (Nig,;/Niine)

and their geo-chemical correlation (Pb;/Pbyine)
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Table 2
The statistical parameters of the vine geochemistry
Basic statistical parameters
X Xg Md min P10 P25 P75 P90 max S A E
Al 0.7700  0.5100  0.5500  0.1000  0.1700  0.2700 0.9600 1.2000 4.9000 0.9100 3.5200 14.9200
As 34.0000 9.9000 28.0000 0.5000 0.5000 0.5000 53.0000 87.0000 130.0000 36.0000 1.0300 0.3800
Ba 0.2200  0.1900  0.1800  0.0580  0.0920  0.1200 0.3400 0.3800 0.4700  0.1200 0.7800 —0.5500
Ca 51.0000 47.0000 47.0000 20.0000 30.0000 34.0000 61.0000  82.0000 110.0000 22.0000 0.9500 0.2800
Cd 0.8700  0.3800  0.4600  0.0500 0.0500  0.1200 0.9200 1.5000 5.3000  1.2000 2.5200 6.3700
Co 2.3000 1.2000 1.7000  0.0500 0.1800  0.5700 3.4000 4.5000 11.0000  2.3000 1.8000 4.4100
Cr  12.0000 7.6000 89000 0.5000 2.4000 4.5000 14.0000  20.0000 100.0000 17.0000 4.4800 22.7400
Cu 0.2200  0.0930  0.0790  0.0087  0.0290  0.0360 0.1800 0.8700 1.4000  0.3500 2.3800 4.8700
K 840.0000 790.0000 820.0000 320.0000 430.0000 637.0000 1000.0000 1200.0000 1600.0000 310.0000 0.5300 0.2600
Mg 87.0000 83.0000 88.0000 24.0000 67.0000 81.0000 96.0000 120.0000 130.0000 23.0000 —0.9200 1.9900
Mn  1.4000 13000 1.2000 0.4800 0.7400  1.1000 1.5000 1.9000 3.0000  0.5400 1.1300 2.0300
Na 9.5000  5.5000 3.6000 1.0000 2.0000 2.5000 11.0000  20.0000  64.0000 13.0000 3.0700 11.4600
Ni  38.0000 24.0000 24.0000 2.5000 6.7000 13.0000 44.0000  76.0000 200.0000 42.0000 2.5800 7.8600
Pb  53.0000 27.0000 28.0000 2.5000 2.5000 16.0000 55.0000 100.0000 290.0000 68.0000 2.4300 5.6200
Sr 1.1000  0.8200 0.9500 0.1500 0.3500  0.4400 1.4000 2.4000 2.9000  0.7400 0.9700 0.0900
Zn 0.3000 0.1900 0.2300 0.0360 0.0500 0.0500 0.5700 0.7000 0.9000  0.2600 0.9300 —0.4400
Table 3
The statistical parameters of the vine geochemistry
Correlation coefficients
Al 1.00
As 0.18 1.00
Ba 0.28 -0.10 1.00
Ca 0.18 0.11 0.04 1.00
Cd 0.44 037 -023 044 1.00
Co 033 020 -0.17 042 059 1.00
Cr 0.88 0.01 0.37 001 0.18 0.12 1.00
Cu -0.06 0.14 -0.05 -0.08 0.09 0.05 -0.09 1.00
K 0.50 -0.12 050 0.28 -0.01 0.01 0.51 -0.34 1.00
Mg 0.11 0.04 0.60 026 0.05 025 0.13 0.14 032 1.00
Mn 0.21 -0.03 0.12 055 043 0.64 0.10 0.15 0.11 0.52 1.00
Na 0.03 0.18 0.19 026 0.02 0.01 -0.07 -0.09 0.11 0.38 -0.02 1.00
Ni 0.01 -038 -0.11 0.10 0.01 031 0.20 -0.03 -0.03 0.01 0.24 -0.30 1.00
Pb -0.03 -0.25 0.08 -0.07 0.19 0.04 -003 035 -024 020 0.07 0.16 -0.04 1.00
Sr 0.07 -0.11 0.51 0.28 -0.09 0.19 0.01 -0.05 039 0.72 044 039 -0.19 0.07 1.00
Zn -0.14 0.02 0.03 0.17 033 037 -0.10 0.24 -0.16 026 027 0.02 0.12 037 0.09 1.00
Al As Ba Ca Cd Co Cr Cu K Mg Mn Na Ni Pb Sr Zn

Geologica Macedonica, 24 (1), 75-86 (2010)



84

1. Boev, S. Lepitkova, T. gijakova-[vanova

From the presented results concerning the
correlation between the presence of the macro
elements and trace elements in soils and wines that
are produced at home in Tikve$ we can conclude
that there is no marked correlation in certain
element pairs. The lack of significant correlation
between analyzed soils analysis and analyzed
wines should be explained by the small number of
samples that are the subject of the research, as well
as through the very processes of concentration of
the micro-elements in wines.

On the other side, another interesting part are
the correlations which refer to the concentration of
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respective trace elements in the wines produced at
homes, and the wines produced at the wineries in
the Republic of Macedonia.

The pictures 9 and 13 show the concentra-
tions of As (Fig. 9) and the concentrations of Pb
(Fig. 13) from where it can be noted that there are
higher concentrations of these two elements in the
wines produced at home in relation to the wines
produced at the wineries (Tasev et al. 2005, Kara-
dzova et al. 2007) with an exception of the wine
vranec and the content of Pb which is nearly iden-
tical to both wine types.
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Fig. 9-13. Correlationsof trace elements concentration in the wines produced at homes, and the wines produced
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Figure 11, 12, 13 shows the relation of the
contents of Cd, Ni, Cr in the white and red wine
produced in home conditions and in the conditions
at the Tikve§ winery. From this picture it can be
concluded that we have bigger concentrations of
Cd and Ni in the white and red wine produced in

home conditions in relation to the wines produced
in the winery. It should be noted that this trend of
bigger concentrations of the elements in the wines
produced in home conditions does not follow the
concentration of Cr.

CONCLUSION

The studies made about the presence of trace
elements in wines produced at home in Tikves
suggest the following conclusions:

— The presence of trace elements such as As,
Pb, Cd, Ni is higher in wines produced in home
conditions in relation to the presence of these trace
elements in wines produced in industrial condi-
tions.

— There are no correlations between the
presence of trace elements in wines produced at
home and the elements that are present in soils.

The non-existence of correlations between
element pairs (Nyoi/Nyine) 18 the result of: the small
depth at which samples are taken from the soil (30
cm): the presence of trace elements in soil is
mainly in the silicate structure from which it is
very difficult to perform the excretion the elements:
the root systems of grape vine are very deep.
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Pesume

MUKPOEJEMEHTHU BO BUHATA ITPOU3BEJEHU BO JOMAIIHA YCI0BU
BO TUKBEIIKO

HUsan Boes', Comwa Jlenutkora’, Tena Mlujakosa-UBanosa’

IYHu66p3ulﬁ ,, Toue [leaues “, [lmuii, Peitybauxa Makeoonua
2@ayyaitiem 3a npupooHu u mexHuuku Hayku, Yruueepsuiu ,,I'oye Heaves
Toue Henues 89, MK-2000, [lIiuuii, Peiiybauxa Maxedoonuja
boev@ugd.edu.mk

Kes moppac: BiHO; FeOXeM1ja; MUKPOEJIEMEHTH; KOPElalin

Bo 0BOj Tpya ce npUKakaH! Pe3y/ITaTHTE O TEOXUMHC-
KATE MCTPaXkKyBamba Ha IPUCYCTBO MHUKpoeneMeHTH (Al, As,
Ba, Ca, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Sr, V u
Zn) BO BHWHATA MPOM3BCICHH BO JOMAIIHH yCIOBH BO THK-
BemKo co nmpuMenara Ha meroaute Ha ICP-AES u (ETAAS)
Bo TpynoB ce mpuKakaHH W KOpEJALMUTE HAlpaBeHH BP3
OCHOBa Ha NPHCYCTBO Ha HEKOM MHKPOEJIEMEHTH BO I10YBATa
Ha Koja ce OJrJie[lyBa OJpe/icHaTa copTa Ha Ipo3je M HCTUTE
CJIEMEHTH BO BHHOTO KOE€ CE IPOW3BEAyBa OJ TaKOB BHJ Ha
rposje. Kopenanuure Bo IiaBHO yKaKyBaaT Ha (DakTOT JeKa
HE [OCTOH rojieMa II0BP3aHOCT IOMel'y MIPUCYCTBOTO HA OJpe-
JICHH MUKPOEJIEMEHTH BO I10YBaTa ¥ BUHOTO HPOHM3BEJCHO BO
JIOMAIIHHU yciioBU. IMEHO, OBHE KOpEJIaliH 3a HCIUTYBAKETO
Ha OIpeJesieHa TeOXHMMHCKH MapoBH ce CICAHUTE: Aljgyp, /

AlBl/lHO (004)3 Asnoqaa / ASBI/IHO (011)5 Banoqna / Banm{o (023),
Canoqna / Canm{o (002)5 Cdnoqna / CdBHHO (40506)5 Conoqna / COBHHO
(_0a26); Crnotuza / CrBHHO (_0504); Cunqua / CuBHHO (004)7
Mgnoqsa / MgBHHO (_0a30); Mnnoqsa / Man—lo (_0540); Nanoqsa /
NaBPlHO (Oll)a Ninoqsa / NiBHHO (003)7 anoqsa / PbBHHO (027)7
IITO yKa)kKyBa Ha JeKa OTCYCTBOTO Ha 3HAYajHH KOpEJIaIHu
nomer’y JaJeHUTe TeOXHUMHUCKHU TTapOBU € Pe3yNTaT Ha HEKOJIKY
MOMEHTH Kako mTo ce: (1) HpUCYCTBOTO HA MHKDPOEIEMEHTH
BO mouBara Ha JraGounHa 10 30 cm. (2) MHKpOeIeMEHTHTE
BO MOYBATa C€ MPUCYTHHU MPETEKHO BO CHIIMKATHA MAaTPHILA O]
KOja eJIEMEHTH HE MOXKAT JIECHO [[a C€ M3[BOjyBaaT BO BOJHHU
pactBopH. (3) Ha KOPEHHOT CHCTEM Ha BHHOBA JIO3a KOj € BO
MHOTY Ttorojema jaradounsa ox 30 cm.
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